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(54) Photothermographic material and method of thermal development of the same 



(57) Disclosed are photothermographic materials 
having, on a support, a layer that contains at least a pho- 
tosensitive silver halide, a non-photosensitive organic 
silver salt, a reducing agent and a binder, in which the 



mean silver iodide content of the photosensitive silver 
halide falls between 5 and ICQ mol%, preferably be- 
tween 40 and 1 00 mol%. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a photothermographic material and a method of thermal development of It. 
Precisely, the Invention relates to a photothemnographic material of which the advantages are that the printout Images 
fornied thereon are fogged little and the raw film storage stability thereof is good, and to a photothemiographic material 
which comprises a silver halide emulsion having a silver iodide content and of which the advantages are that its sen- 
sitivity is extremely high and its image storability after developed is good, especially that its high sensitivity is supported 
by its low Dmin and high Dmax. The Invention also relates to a method of themrial development of such a photother- 
mographic material. 

Description of the Related Art: 

[0002] In the field of photographic films for medical treatment, these days much desired Is reducing the wastes of 
processing solutions for environmental protection and space saving. In that situation, required are techniques with 
photothermographic materials for medical diagnosis and photomechanical process capable of being efficiently exposed 
with laser image setters or laser imagers to form sharp and clear monochromatic images of high resolution. Such 
photothemiographic materials could provide users with more simple photothemiographic systems not requiring solu- 
tion-type processing chemicals and therefore not polluting the environment. 

[0003] The same applies to the field of ordinary photo-imaging materials, which, however, shall differ from those in 
the field of medical treatment. Specifically, photo-images for medical treatment must clarify the details of body parts 
and therefore must have sharp and good image quality with fine gralniness. In addition, for easy diagnosis thereon, 
prefen^ed are cold black images in the field of medical treatment. At present, various types of hard copy systems with 
pigment and dye, for example, ink jet printers and electrophotographic systems are available for ordinary image-forming 
systems. However, no one knows satisfactory systems for forming photo-Images enough for medical treatment. 
[0004] On the other hand, photothermographic systems with organic silver salts used therein are described for 
example, in USP 3.152.904 and 3,457,075. and in B. Shely's 'Thenmally Processed Silver Systems" (Imaging Proc- 
esses and Materials, Neblette, 8th Ed., compiled by Sturge, V. Walworth & A. Shepp, page 2. 1 996). 
[0005] In general, photothemiographic materials have a photosensitive layer with a catalyti'cally active amount of a 
photocatalyst (e.g., silver halide), a reducing agent, a reducible silver salt (e.g.. organic silver salt), and optionally a 
toning agent for controlling silver tones being dispersed in a binder matrix in the layer. Photothermographic materials 
of that type are, after having been imagewise exposed, heated at a high temperature (for example, at 80''C or higher) 
to form black silver Images through redox reaction between the silver halide or the reducible silver salt (serving as an 
oxidizing agent) and the reducing agent therein. In these, the redox reaction is accelerated by the catalytic action of 
the latent image of the exposed silver halide. Therefore, the black silver Images are formed In the exposed area of the 
materials. This technique is disclosed in many references such as typically USP 2,910,377 and JP-B 43-4924, and an 
image-forming system with a photothermographic material for medical treatment. Fuji Medical Dry Imager FM-DPL 
has went on the market. 

[0006] For producing thermal image-forming systems with organic silver salts therein, known are a method of using 
a solvent in fomiing the photosensitive layer therein, and a method of coating the substrate with a coating liquid that 
contains an aqueous dispersion of polymer particles serving as an essential binder, followed by drying it. The latter 
method does not require solvent recovery and therefore the equipment for it is simple. For these reasons, the latter 
method is favorable to Industrial scale mass-production of the image-fofming systems. 

[0007] Not requiring image fixation after development, one serious problem with such image-forming systems with 
organic silver salts therein is that their image storability after development Is not good, especially their printout images 
are often faded or fogged when left exposed to light. To solve the problem of printout image fogging, a method of using 
Agl fonned through conversion of organic silver salts is disclosed in USP 6,143,488 and EP 0922995. However, the 
method disclosed of converting organic silver salts with iodine could not still satisfactorily Improve the sensitivity of the 
photothermographic material to be in the image-forming systems, and it Is not effective for planning practicable systems. 
[0008] Other photothemiographic materials that comprise Agl are described, for example, in WO97-48014, WO 
48015, USP 6.165,705. JP-A 8-297345 and Japanese Patent 2,785.129. but their sensitivity and fogging resistance 
are not still on a satisfactory level and all these are not practicable for laser exposure. Given that situation, desired is 
developing a method of more effectively using silver halides having such a high silver iodide content in practicable 
photothermographic materials. 

[0009] Some means of increasing the sensitivity of silver iodide photographte emulsions are described in the Journal 
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of Photographic Science, Vol. 8, page 119, 1960, ibid., Vol. 28, page 163, 1980; and In Photographic Science and 
Engineering, Vol. 5, page 216, 1961 . For example, known is a method of sensitizing the photographic emulsions by 
dipping them In a halogen receptor such as sodium sulfite, pyrogallol or hydroquinone or in an aqueous solution of 
silver nitrate, or a method of sensitizing them with sulfur at pAg of 7.5. However, as in Examples shown hereinunder, 

5 the sensitizing effect of the halogen receptor is extremely low and is therefore unsatisfactory for photothermographic 
materials to which the Invention is directed. Accordingly, it is desired to develop a technique effective for significantly 
increasing the sensitivity of photothemiographic materials having a high silver iodide content. 
[0010] JP-A 8-272024 discloses a technique of increasing the sensitivity of silver iodobromide emulsions having a 
low silver iodide content for color negative emulsions to be processed through liquid development or for emulsions for 

10 X-ray exposure, in which is specifically used a compound having a silver halide-adsorbing group and a reducing group 
or its precursor. 

[0011] However, in such silver halide photographic materials to be processed through liquid development, the silver 
halide is generally reduced with a developing agent (reducing agent) that is in the processing liquid to thereby fomn a 
silver image, or the side-produced oxidation product of the developing agent is used for color image fomiatlon. Anyhow, 

15 In these, the basic reaction is reduction of silver halides with a developing agent. On the other hand, in photothermo- 
graphic materials, the silver halide is only to form a latent image through exposure to light, and it is not reduced by the 
reducing agent in the materials. In such photothermographic materials, not the non-photosensitive organic silver salts 
but the silver Ions applied thereto are reduced. The reducing agent for liquid development is an ionic reducing agent 
of, for example, hydroquinones or p-phenylenediamines, but that for photothenmographic materials is generally a hin- 

20 dered phenol derivative known as a radical reactant. 

[0012] As in the above, photographic materials for liquid development and photothenmographic materials quite differ 
in point of the mechanism of development reaction (reduction) to occur therein, and in point of the series of compounds 
to be used for them. Accordingly, it should not be said that the compounds effective for liquid development are all the 
time directly effective for photothemnographlc materials. For example, the compounds described in the above-men- 

25 tioned JP-A 8-272024 are not expected at all for photothermographic materials, and, needless-to-say, no one knows 
the applicability of the compounds to photothermographic materials with a high silver iodide emulsion therein and it is 
impossible for any one to expect the effect of the compounds in photothemiographic materials. 
[0013] As an ultra-hard image-forming agent forfomnlng ultra-hard images, known are adsorbing group-having acyl- 
hydrazines. It is known that such adsorbing group-having acyl hydrazines are effective for forming ultra-hard images 

30 also in photothermographic materials. This Is because of the action of such acylhydrazines for infection development, 
and such acylhydrazines are effective for forming ultra-hard images in photothermographic materials but the graininess 
of the images formed is not good. Therefore, using such acylhydrazines in processing photothemnographlc materials 
will be suitable for processing them for making printing plates but is unsuitable at all for processing them for use in 
medical diagnosis. Accordingly, such adsorbing group-having acylhydrazines are unsuitable for the object of increasing 

35 the sensitivity of photographic silver halides having a high silver iodide content for fonmlng high-quality Images. 

[001 4] On the other hand, the recent tendency in the art is toward further small-sized exposure devices for thermal 
image-fonning systems with organic silver salts therein, and it is much desired to further increase the sensitivity of 
photosensitive silver halides forthe systems. After thermally developed, the density of the image area of thennal image- 
forming systems with organic silver salts therein often Increases if the exposed photographic materials receive light 

40 while they are stored. For solving the problem in printout failure, it is known that reducing the photosensitive silver 
halide content of the photographic materials is effective. 

[0015] However, the reduction in the photosensitive silver halide content of the photographic materials results in the 
reduction In the sensitivity of the photographic materials themselves and therefore the reduction in the maximum density 
of the images fomned on the materials. Given that situation, It Is desired to more effectively Improve the storability of 
45 processed photothemiographic materials not by the means of reducing the photosensitive silver halide content of the 

materials. 

SUMMARY OF THE INVENTION 

so [0016] The object of the present invention is to provide a high-sensitivity silver halide photothenmographic material 
having a high silver iodide content and capable of fomning high-quality images; to provide such a photothermographic 
material of which the advantages are that the maximum density of the images fomned thereon is satisfactorily high, 
the raw film storage stability thereof is good, and the material is togged little after thermally developed; to provide such 
a photothemiographic material of which the advantages are that the optical image storability thereof is good after 

55 thermally developed, and the images formed thereon have a lowered Dmin and an increased Dmax; to provide such 
a silver halide photothermographic material of which the advantages are that it is rapidly developed and is stable 
irrespective of the time for development, and it gives images of good printout quality; and to provide a method of thermal 
development of such a photothenmographic material. 
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[0017] The object of the invention Is attained by the photothermographic material and the method of themial devel- 
opment of it mentioned below. 

[0018] A first embodiment of the present invention is a photothermographic materia! comprising a support having 
thereon a layer including at least a non-photosensitive organic silver salt, a photosensitive silver halide, a reducing 
agent and a binder; wherein the photosensitive silver halide has a mean silver iodide content of 5 to 100 mol % and 
further comprising at least one compound of the following general formula (I): 

General formula (I) 
Wk-(L)„-(A-B)„ 

wherein X represents a silver halide-adsorbing group or a light-absortsing group that has at least one atom each of N, 
S, P, Se and Te; L represents a (k + n)-valent linking group having at least one atom each of C, N, S and O; A represents 
an electron-donating group; B represents a leaving group or a hydrogen group; A-B is oxidized and then cleaved or 
deprotonated to generate a radical A; k represents an integer from 0 to 3; m represents 0 or 1 ; n represents 1 or 2; 
and when k = 0 and n = 1 , then m = 0. 

[0019] A second embodiment of the pesent invention is the photothemriographic material, according to the first em- 
bodiment, wherein the mean sih^er iodide content of the silver halide Is 10 to 100 mol %. 

[0020] A third embodiment of the pesent Invention is the photothennographic material, according to the first embod- 
iment, wherein the mean sliver Iodide content of the silver halide is 40 to 100 mol %. 

[0021] A fourth embodiment of the pesent invention is the photothermographk: material, according to the first em- 
bodiment, wherein the photosensitive silver halide comprises a mean grain size of 5 to 80 nm. 
[0022] A fifth embodiment of the pesent invention Is the photothemriographic material, according to the first embod- 
iment, wherein the mean grain size of the silver halide is 5 to 70 nm. 

[0023] A sixth embodiment of the pesent invention is the photothermographic material, according to the first embod- 
iment, wherein the silver halide grains have a direct transition absorption derived from the high silver iodide crystal 

structure therein. 

[0024] A seventh embodiment of the pesent invention Is a method of themrial development of a photothermographic 
material, which comprises a support having thereon a layer Including at least a non-photosensitive organic silver salt, 
a photosensitive silver halide, a reducing agent and a binder; wherein the photosensitive silver halide has a mean 
silver iodide content of 5 to 1 00 mol %, and which further comprises at least one compound of the following general 
formula (I), wherein the highest temperature at thermal development of the photothermographic material is 100 to 
120''C. 



General fonnula (I) 
(X)K-(L)n,-(A-B)„ 

Wherein X represents a silver halide-adsorbing group or a light-absoriDing group that has at least one atom each of N, 
S, P. Se and Te; L represents a (k + n)-vaient linking group having at least one atom each of C, N, S and O; A represents 
an electron-donating group; B represents a leaving group or a hydrogen group; A-B is oxidized and then cleaved or 
deprotonated to generate a radical A; k represents an integer from 0 to 3; m represents 0 or 1 ; n represents 1 or 2; 
and When k = 0 and n = 1 , then m = 0; 

[0025] An eighth embodiment of the pesent invention is the method of thermal development of the photothermo- 
graphic material according to the seventh embodiment, wherein the highest temperature when thermally developing 
the photothemriographic material is 105 to 115°C. 

[0026] A ninth embodiment of the pesent invention is the method of themrial development of the photothermographic 
material according to the seventh embodiment, wherein the photothemriographic material Is thermally developed by 
being conveyed through a themrial development zone that comprises from 2 to 6 plate heaters for thermal development 
and by being kept in contact with the plate heaters in that zone. 

[0027] A tenth embodiment of the pesent invention is the method of thennal development of the photothermographic 
material according to the seventh embodiment, wherein the mean grain size of the silver halide is 5 to 70 nm. 
[0028] An eleventh embodiment of the pesent invention is the method of thermal development of the photothermo- 
graphic material according to the seventh embodiment, wherein the mean grain size of the silver halide is 5 to 70 nm. 
[0029] A twelfth embodiment of the pesent invention is a photothemriographic material comprising a support having 
thereon a photosensitive silver halide, a non-photosensitive organic silversalt, a themial-developing agent and a binder; 
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wherein the photosensitive silver halide has a sliver iodide content of 40 to 100 mol % and includes a metal selected 
from the elements of Groups 3 to 10 of the Periodic Table. 

[0030] A thirteenth embodiment of the pesent invention Is the photothermographic material, according to the twelfth 
embodiment, wherein the metal is selected from the group consisting of iron, nickel, cobalt, ruthenium, rhodium, rhe- 
5 nium, osmium, iridium, palladium, platinum, gold, silver, copper and zinc. 

[0031] A fourteenth embodiment of the pesent invention is the photothemnographic material, according to the twelfth 
embodiment, wherein the metal comprises a metal complex. 

[0032] A fifteenth embodiment of the pesent invention Is the photothermographic material, according to the fourteenth 
embodiment, wherein the metal complex is a quadridentate metal complex having 4 ligands. 
10 [0033] A sixteenth embodiment of the pesent invention is the photothemnographic material, according to the twelfth 
embodiment, wherein the metal complex is a quadridentate metal complex with a metal selected from the group con- 
sisting of iron, nickel, cobalt, ruthenium, rhodium, rhenium, osmium, iridium, palladium, platinum, gold, silver, copper 
and zinc. 

[0034] A seventeenth embodiment of the pesent invention is the photothemriographic material, according to the 
IS twelfth embodiment, wherein the iodide content of the photosensitive silver halide is 90 to 1 00 mol %. 

[0035] An eighteenth embodiment of the pesent invention is a photothennographic material comprising a support 
having thereon an Image-fomning layer including at least a non-photosensitive organic silver salt, a photosensitive 
silver halide, a reducing agent and a binder; and further comprising a compound having a silver hallde-adsorbing group 
and a reducing group or a precursor thereof. 
20 [0036] A ninteenth embodiment of the pesent invention is the photothemriographic material, according to the eight- 
eenth embodiment, wherein the compound having a silver halide-adsorbing group and a reducing group is represented 
by the following general fonnula (I"): 



25 



General fomnula (1") 
A - (W)n - B 



wherein A represents an atomic group that contains a silver halide-adsoriaing group; W represents a divalent linking 
30 group; n Indicates 0 or 1 ; and B represents a reducing group. 

[0037] A twentieth embodiment of the pesent invention is the photothermographic material, according to the ninteenth 
embodiment, wherein the adsorbing group in general formula (I") is selected from the group consisting of a mercapto 
group, a thione group and an imino silver fomriing group. 

[0038] A twenty-first embodiment of the pesent invention is the photothermographic material, according to the nint- 
35 eenth embodiment, wherein the reducing group in general formula (I") is selected from the group consisting of a fomnyl 
group, an amino group, an acetylene group, a propargyl group, an alkylmercapto group and an arylmercapto group. 
A twenty-second embodiment of the pesent invention is the photothemnographic material, according to the ninteenth 
embodiment, 

wherein the reducing group in general formula (I") is any one selected from the following groups represented by 
40 (Bi)to(B3): 

(Bi) (B2) 
45 .OH /OH 



"^Rbi {!> ^Rbi 



50 



55 
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(B3) 



5 




OH 



10 



wherein R^i and each independentfy represent a hydrogen atom, an alkyi group, an alkenyl group, an alkynyl 
group, an aryl group or a heterocyclic group. 

[0039] A twenty-third embodiment of the pesent invention is the photothermographlc material, according to the nint- 
eenth embodiment, wherein the reducing group in general fonnula (1") is derived from any one of reductones, phenols, 

IS naphthols, phenylenediamines, and 1 -phenyl-3-pyrazolldones. 

[0040] A twenty-fourth embodiment of the pesent invention Is the photothermographlc material, according to the 
eighteenth embodiment, wherein the precursor comprises a compound that generates a mercapto group. 
[0041] A twenty-fifth embodiment of the pesent Invention is the photothermographlc material, according to the eight- 
eenth embodiment, wherein the precursor Is selected from the group consisting of thiazoliums. thiazollnes. thiazolidlnes 

20 and disulfides. 

[0042] A twenty-sixth embodiment of the pesent invention is the photothermographlc material, according to the eight- 
eenth embodiment, wherein the silver halide emulsion Is chemically sensitized through at least any one of chateogen 
sensitization, gold sensitization and reduction sensitization. 

[0043] A twenty-seventh embodiment of the pesent invention Is the photothemiographic material, according to the 
25 twenth-sixth embodiment, wherein the silver halide is chemically sensitized at Ag of not more than 7. 

[0044] A twenty-eighth embodiment of the pesent invention Is the photothermographlc material, according to the 
twenth-sixth embodiment, wherein the chalcogen sensitization Is at least one selected from the group consisting of 
tellurium sensitization, selenium sensitization and sulfur sensitization. 

[0045] A twenty-ninth embodiment of the pesent Invention is the photothemnographic material, according to the eight- 
30 eenth embodiment, wherein the silver iodide content of the silver halide photographic emulsion is 80 mol % to 1 00 mol 
%. 

[0046] A thirtieth embodiment of the pesent invention Is the photothennographfe material, according to the eighteenth 
embodiment, wherein the silver iodide content of the silver halide photographic emulsion is 90 mol % to 1 GO mol %. 
[0047] A thirty-first embodiment of the pesent invention is the photothemnographic material, according to the elght- 
35 eenth embodiment, wherein the silver halide grains have an epitaxially -formed part, and the part includes any of silver 
bromide and silver chloride. 

[0048] A thirty-second embodiment of the pesent Invention is the photothemnographic material, according to the 
eighteenth embodiment, wherein the silver halide grains have any one of dislocation lines and lattice defects. 
[0049] A thirty-third embodiment of the pesent invention is the photothemiographic material, according to the eight- 
40 eenth embodiment, wherein the grain size of the silver halide grains is 5 nm to 0.1 \im, 

[0050] A thirty-fourth embodiment of the pesent invention is the photothemnographic material, according to the eight- 
eenth embodiment, wherein the grain size of the silver halide grains Is 5 nm to 0,055 nm. 

[0051] A thirty-fifth embodiment of the pesent Invention is the photothemnographic material, according to the eight- 
eenth embodiment, wherein the photothermographlc material Is exposed to laser rays. 

« [0052] A thirty-sixth embodiment of the present Invention Is a photothemnographic material comprising a support 
having thereon at least one image-fonning layer Including at least a non-photosensitive organic silver salt, a photo- 
sensitive silver halide, a reducing agent and a binder; and further comprising at least one non- Image-recording pro- 
tective layer on the far side of the support relative to the image-fonnlng layer; wherein the silver halide comprises a 
silver Iodide content of 5 mol % to 1 00 mol % and is chemically sensitized through at least any one of gold sensitization, 

^0 chalcogen sensitization and reduction sensitization. 

[0053] A thirty-seventh embodiment of the present invention is the photothemiographic material according to the 
thirty-sixth embodiment, wherein the silver Iodide content of the photosensitive silver halide is 40 mol % to 1 00 mol %. 
[0054] A thirty-eighth embodiment of the present invention is the photothermographlc material according to the thirty- 
sixth embodiment, wherein the silver iodide content of the photosensitive silver halide Is 90 mol % to 100 mol %. 

55 [0055] A thirty-ninth embodiment of the present invention Is the photothermographlc material according to the thirty- 
sixth embodiment, wherein the grain size of the photosensitive silver halide is 5 nm to 90 nm. 
[0056] A fortieth embodiment of the present invention is the photothemiographic material according to the thirty-sixth 
embodiment, wherein the coating amount of the photosensitive silver halide is at most 1 0 mol % relative to one mol of 
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the non-photosensitive organic silver salt therein. 

[0057] A forty-first embodiment of the present invention Is the photothennographic material according to the thirty- 
sixth embodiment, wherein the photosensitive silver halide grains are f omned and chemically sensitized in the absence 

of the organic silver salt. 

5 [0058] A forty-second embodiment of the present invention is the photothermographic material according to the thirty- 
sixth embodiment, for which the peak wavelength of the laser rays is 600 nm to 900 nm. 

[0059] A forty-third embodiment of the present invention Is the photothermographic material according to the thirty- 
sixth embodiment, for which the peak wavelength of the laser rays is 300 nm to 500 nm. 

[0060] A forty-fourth embodiment of the present invention is a photothermographic material comprising a support 
10 having thereon at least a photosensitive silver halide, a non-photosensitive organic silver salt, a reducing agent and a 
binder; wherein the mean silver iodide content of the photosensitive silver halide is 5 mol % to 100 mol %, wherein the 
non-photosensitive organic silver salt is prepared from an organic acid Including at least behenic acid and erucic acid, 
and the erucic acid content of the non-photosensitive organic silver salt is 1 x 10"® mol % to 10 mol % relative to the 
number of mols of the whole organic acid. 
15 [0061] A forty-fifth embodiment of the present invention is a photothermographic material comprising a support having 
thereon at least one image-forming layer including at least one organic silver salt and at least one silver halide, and 
having thereon at least one non-image-recording protective layer on the far side of the support relative to the image- 
forming layer, which is exposed to laser rays; wherein the mean silver iodide content of the silver halide is 40 mol % 
to 100 mol %. 

20 [0062] A forty-sixth embodiment of the present invention is the photothermographic material according to the forty- 
fifth embodiment, wherein the grain size of the silver halide is 5 nm to 90 nm. 

[0063] A forty-seventh embodiment of the present invention is the photothennographic material according to the 
forty-fifth embodiment, wherein the silver halide grains have a core/shell structure, the silver iodide content of the shell 
is higher than that of the core, and the silver iodide content of the shell is 80 mol % to 100 mol %. 
25 [0064] The forty-eighth embodiment of the present invention is the photothermographic material according to the 
forty-fifth embodiment, wherein the silver halide grains are fomied and chemically sensitized in the absence of the 
organic silver salt. 

[0065] The forty-ninth embodiment of the present invention is the photothennographic material according to the forty- 
fifth embodiment, wherein the coating amount of the silver halide in the image-fonning layer is 0.5 mol % to 12 mol % 
30 relativeto the organic silver salt therein. 

[0066] The fiftieth embodiment of the present invention is the photothermographic material according to the forty- 
fifth embodiment, for which the peak wavelength of the laser rays is 600 nm to 900 nm. 

[0067] The fifty-first embodiment of the present invention is the photothennographic material according to the forty- 
fifth embodiment, for which the peak wavelength of the laser rays is 300 nm to 500 nm. 
35 [0068] The fifty-second embodiment of the present invention is the photothermographic material according to the 
forty-fifth embodiment, wherein the image-fonning layer is formed by applying a coating liquid onto the support, and 
the coating liquid for the image-fonnIng layer includes at least 30 % by weight of water and a polymer dispersed to be 
latex therein. 

[0069] The fifty-third embodiment of the present invention Is the photothermographic material according to the twelfth 
40 embodiment, wherein the support further having thereon an organic polyhalogen compound. 

[0070] The fifth-fourth enbodiment of the present invention is the photothennographic material according to the eight- 
eenth embodiment, wherein the silver iodide content of the silver halide Is 40 mol % to 100 mol %. 
[0071] The fifty-fifth embodiment of the present invention is the photothennographic material according to the thirty- 
sixth embodiment, wherein the support further having thereon an organic polyhalogen compound. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0072] 

so Fig. 1 shows the light absorbance curve of a silver iodide emulsion preferred for the photosensitive silver halide 

for use in the twelfth embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Photothermographic Material, and Method of Thermal Development Thereof: 

s - First Embodiment of Photothermographic Material - 

[0073] The first embodiment of the photothermographic material of the pesent invention is described below. 
[0074] A first embodiment of the present invention is a photothemiographic material comprising a support having 
thereon a layer including at least a non-photosensitive organic silver salt, a photosensitive silver halide, a reducing 

to agent and a binder, wherein the photosensitive silver halide has a mean silver iodide content of 5 to 100 mol % and 
further comprising at least one compound of the following general formula (I) mentioned below. 
[0075] It is a matter of importance that the halogen composition of the photosensitive silver halide to be used in the 
first embodiment of the invention is a high silver iodide emulsion of which the silver iodide content falls between 5 mol% 
and 100 mol%. In general, the sensitivity of silver halides having such a high silver iodide content is low and the utility 

15 value thereof is therefore low. 

[0076] Preferably, a part of the silver halide In the first embodiment of the invention has a phase capable of absorbing 
light through direct transition. It is well known that high silver iodide grains having a hexagonal-system wurtzite structure 
of a cubic-system zinc-blend structure realize light absorption through direct transition In the wavelength range of from 
350 nm to 450 nm in which the silver halide grains are exposed to light. However, the sensitivity of the silver halide 

20 having such an absorption structure Is generally low. and the utility value thereof in the field of photography is therefore 
low. 

[0077] Through our studies, we, the present inventors have found that, when a compound of fomriula (I) as in the 
first embodiment of the invention Is used in a photothermographic material that contains a non-photosensitive organic 
sliver salt and a thermal developer, then the material may have a high sensitivity even though the photosensitive silver 
25 halide therein has a high silver iodide content, and may fomn sharp images. 

[0078] Our studies have revealed that the grain size of the silver halide grains in the material is preferably at most 
80 nm, more preferably 5 nm to 80 nm and especially preferably 5 nm to 70nm. Containing such small-size silver halide 
grains, the advantages of the material of the invention are more remarkable. 
[0079] The contents of the invention are described in more detail hereinunder. 

30 

<Compound of Formula (l)> 

[0080] First described is the compound of fomiula (I) that shall be in the photothennographic material of the first 
embodiment of the invention. 

35 [0081] In fomnula (I), X represents a sih^er halide-adsorbrng group or a light-absorbing group that has at least one 
atom of N, S, P, Se and Te. 

[0082] Preferably, X is a silver halide-adsorbing group that has at least one atom of N, S, P, Se and Te and has a 
silver ion ligand structure. The silver halide-adsorbing group that has such a silver ion ligand structure includes, for 
example, those of general formulae mentioned below. 

40 

General Formula (X-1) -G^-Z^-Y*' 

wherein G^ represents a divalent linking group, such as a substituted or unsubstituted alkylene, alkenylene, alkynylene 
45 or arylene group, SO2. or a divalent heterocydfc group; Z"" represents an atom or S, Se or Te; represents a hydrogen 
atom, or a counter ion necessary in dissociation of such as a sodium, potassium, lithium or ammonium ion. 



General Formula (X-2a) General Pormiila (X-2b) 



>2 



[0083] The groups of fonmutae (X-2a) and (X-2b) have a 5- to 7-memberfed hetero ring or unsaturated ring. Za 
represents an atom of O, N, S, Se or Te; n^ indicates an integer of from 0 to 3; and Y^ represents a hydrogen atom. 
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an alky] group, an alkenyl group, an alkynyl group, or an aryl group. 



10 



15 



20 



25 



40 



General Fomiula (X-3) -Y^-(Z^)n^-Y^ 

wherein represents an atom of S, Se orTe; n2 indicates an Integer of from 1 to 3; represents a divalent 
linking group, such as an alkylene group, an alkenylene group, an alkynylene group, an arylene group, or a divalent 
heterocyclic group; and Y^ represents an alky) group, an aryl group, or a heterocyclic group. 



General Formula (X-4) 

wherein Y^ and Y® each independently represent an alkyi group, an alkenyl group, an arylene group, or a hete- 
rocyclic group. 

General Formula (X-Sa) General Fommiola pC-5b) 

73 



wherein represents an atom of S, Se orTe; represents a hydrogen atom, NHg, NHY^o, N(YiO)2. NHN(Y10)2. 
OY10 or SY10; £2 represents a divalent linking group such as NH, NY^o, NHNYio, O or S; Y^, Y^ and Y^ each Inde- 
30 pendently represent a hydrogen atom, an alkyI group, an alkenyl group, an aryl group, or a heterocyclic group; Y^ and 
Y9 may be bonded to each other to fomn a ring; Y^o represents a hydrogen atom, an alkyI group, an alkenyl group, an 
aryl group, or a heterocyclic group. 



General Formula pC-6a) General Formula (X-6b) 



wherein Y*"^ represents a divalent linking group such as an alkylene group, an alkenylene group, an alkynylene group, 
an arylene group or a divalent heterocyclic group; and J each independently represent COOY^2^ SO2Y12, COY^^, 
SOY12, CN, CHO or NOgi and Y^2 represents an alkyI group, an alkenyl group, or an aryl group. 

45 [0084] Formula (X-1) is described In detail. In the formula, the linking group for includes, for example, a substituted 
or unsubstituted, linear or branched alkylene group having from 1 to 20 carbon atoms (e.g., methylene, ethylene, 
trimethylene, propylene, tetramethylene, hexamethylene, 3-oxapentylene, 2-hydroxyrimethylene), a substituted or un- 
substituted cyclic alkylene group having from 3 to 1 8 carbon atoms (e.g.. cyclopropylene, cyclopentylene, cyclohexy- 
lene), a substituted or unsubstituted alkenylene group having from 2 to 20 carbon atoms (e.g., ethene, 2-butenylene) 

so an alkynylene group having from 2 to 10 carbon atoms (e.g., ethynylene), a substituted or unsubstituted arylene group 
having from 6 to 20 carbon atoms (e.g., unsubstituted p-phenylene, unsubstituted 2,5-naphthylene). 
[0085] The group SO2 for G^ in the formula may be -SOg- alone, but including -SOg- bonded to a substituted or 
unsubstituted, linear or branched alkylene group having from 1 to 10 carbon atoms, a substituted or unsubstituted 
cyclic alkylene group having from 3 to 6 carbon atoms, or an alkenylene group having from 2 to 10 carbon atoms. 

55 [0086] The divalent heterocyclic group for G^ in the formula includes may be unsubstituted or substituted with an 
alkylene group, an alkenylene group, an arylene group or a heterocyclic group, or may be benzo-condensed or naphtho- 
condensed (e.g.. 2,3-tetra2ole-diyl. 1,3-triazole-diyl, 1 .2Hmidazole-diyl, 3,5-oxadiazole-diyl, 2,4-thiadiazole-diyl, 
1,5-ben2lmidazole-diyl, 2,5-ben2othiazole-diyl, 2,5-ben2oxazole-diyl, 2,5-pyrimidine-diyl, 3-phenyl-2,6-tetrazole-diyl, 
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2,5-pyridine-diyl. 2,4-furan-diyl, 1,3-piperldine-cIiyI, 2,4-morphoIine-diyl). 

[0087] In the formula, the alkylene group, the alkenylene group, the alkynylene group, the arylene group, the group 
SOg or the divalent heterocyclic group for may be substituted. Examples of the substituent by which the groups 
may be substituted are mentioned below. The substituent mentioned below is herein referred to as "substituent Y". 
[0088] The substituent includes, for example, a halogen atom (e.g., fluorine, chlorine, bromine), an alkyi group (e. 
g.. methyl, ethyl, isopropyl, n-propyl, tert-butyl), an alkenyl group (e.g., allyl, 2-butenyl), an alkynyl group (e.g., prop- 
argyl). an aralkyl group (e.g., benzyl), an aryl group (e.g., phenyl, naphthyl. 4-methylphenyl), a heterocyclic group (e. 
g., pyridyl, furyl, rmrdazolyl, piperidinyl, morpholyl), an alkoxy group (e.g., methoxy, ethoxy, butoxy, 2-ethylhexyloxy, 
ethoxyethoxy, methoxyethoxy), an aryloxy group (e.g.. phenoxy, 2-naphthyloxy), an amino group (e.g., unsubstituted 
amino, dimethylamino, diethylamino, dipropylamino, dibutylamino, ethylamino, anilino), an acylamino group (e.g., 
acetylamino, benzoylamino), an uretdo group (e.g., unsubstituted ureido, N-methylureido), an urethane group (e.g., 
methoxycarbonylamino, phenoxycarbonylamino), a sulfonylamino group (e.g., methylsulfonylamino, phenylsulfo- 
nylamlno). a sulfamoyi group (e.g., unsubstituted sulfamoyi, N,N-dimethylsulfamoyl, N-phenylsulfamoyI), a carbamoyl 
group (e.g., unsubstituted carbamoyl, N,N-diethylcarbamoyl, N-phenyk:arbamoyl), asulfonyl group (e.g., mesyl, tosyl), 
a sulfinyl group (e.g., methylsulfinyl, phenylsulfinyl), an alkyloxycarbonyl group (e.g., methoxycarbonyl. ethoxycarbo- 
nyl). an aryloxycarbonyl group (e.g., phenoxycarbonyl), an acyl group (e.g., acetyl, benzoyl, formyl, pivaloyi), an acyloxy 
group (e.g., acetoxy, benzoyloxy), a phosphoramido group (e.g., N.N-diethylphosphoramido), a cyano group, a sulfo 
group, a thiosulfonyl group, a sulfinyl group, a carboxyl group, a hydroxyl group, a phosphono group, a nitro group, an 
ammonio group, a phosphonio group, a hydrazine group, a thiazolino group. In case where the group has two or more 
substituents, they may be the same or different. The substituents for these groups may be further substituted. 
[0089] Preferred examples of fonnula (X-1 ) are mentioned below. 

[0090] Preferably In fomiula (X-1), G"» Is a substituted or unsubstituted arylene group having from 6 to 10 carbon 
atoms, or a 5- to 7-membered heterocyclic group that is unsubstituted or bonded to an alkylene or arylene group, or 
is benzo-condensed or naphtho-condensed; is S or Se; and V is a hydrogen atom or a sodium or potassium ion. 
[0091] More preferably, G*" Is a substituted or unsubstituted arylene group having from 6 to 8 carbon atoms, o a 5- 
or 6-membefred heterocyclic group that is bonded to an arylene group or is benzo-condensed. Most preferably, it is a 
5- or 6-membered heterocyclic group that is bonded to an arylene group or is benzo-condensed. Even more preferably, 
Z"" is S, and V is a hydrogen atom or a sodium ion. 
[0092] Formulae (X-2a) and (X-2b) are described in detail. 

[0093] The alkyI group, the alkenyl group and the alkynyl group for Y2 in the fonnula include, for example, a substituted 
or unsubstituted, linear or branched alkyI group having from 1 to 10 carbon atoms (e.g., methyl, ethyl, isopropyl, n- 
propyl, n-butyl, tert-butyl, 2-pentyl. n-hexyl. n-octyl. tert-octyl, 2-ethylhexyl. 2-hydroxyethyl, 1 -hydroxyethyl, dlethylaml- 
noethyl, n-butoxypropyl, methoxymethyl), a substituted or unsubstituted cyclic alkyI group having from 3 to 6 carbon 
atoms (e.g. , cyclopropyl, cyclopentyl, cyclohexyl), an alkenyl group having from 2 to 1 0 carbon atoms (e.g. . allyl, 2-bute- 
nyl, 3-pentenyl), an alkynyl group having from 2 to 10 carbon atoms (e.g., propargyl, 3-pentynyl), an aralkyl group 
having from 6 to 12 carbon atoms (e.g., benzyl). The aryl group for It is, for example, a substituted or unsubstituted 
aryl group having from 6 to 12 carbon atoms (e.g., hydroxyphenyl, 4-methylhydroxyphenyl). 
[0094] y2 may be substituted with any of the substituents Y. 
[0095] Preferred examples of formulae (X-2a) and (X-2b) are mentioned below. 

[0096] Preferably in the formulae, Y2 is a hydrogen atom, a substituted or unsubstituted alkyI group having from 1 
to 6 carbon atoms, or a substituted or unsubstituted aryl group having from 6 to 1 0 carbon atoms; Za is O, N or S; and 
is from 1 to 3. 

[0097] More preferably, Y^ is a hydrogen atom or an alkyI group having from 1 to 4 carbon atoms; Za is N or S; and 
n^ is 2 or 3. 

[0098] Fonnula (X-3) is described in detail. 

[0099] The linking group for Y^ in the fonnula includes, for example, a substituted or unsubstituted, linear or branched 
alkylene group having from 1 to 20 carbon atoms (e.g., methylene, ethylene, trimethylene, isopropylene, tetramethyl- 
ene, hexamethylene. 3-oxapentylene. 2-hydroxytrimethyIene), a substituted or unsubstituted cyclic alkylene group hav- 
ing from 3 to 18 carbon atoms (e.g., cyclopropylene, cyclopentylene, cyclohexylene), a substituted or unsubstituted 
alkenylene group having from 2 to 20 carbon atoms (e.g., ethene, 2-butenylene), an alkynylene group having from 2 
to 10 carbon atoms (e.g., ethynylene), a substituted or unsubstituted arylene group having from 8 to 20 carbon atoms 
(e.g., unsubstituted p-phenylene, unsubstituted 2,5-naphthylene). The heterocyclic group for it may be unsubstituted 
or substituted with an alkylene group, alkenylene group or an arylene group, or further with an additional heterocyclic 
group (e.g.. 2.5-pyridine-diyl, 3-phenyl-2,5-pyridine-diyl, 1 ,3-piperidine-diyl, 2,4-morpholine-diyl). 
[0100] The alkyI group for Y* in the formula includes, for example, a substituted or unsubstituted, linear or branched 
alkyI group having from 1 to 10 carbon atoms (e.g., methyl, ethyl, isopropyl, n-propyl, n-butyl, tert-butyl, 2-penthyl, n- 
hexyl. n-octyl, tert-octyl. 2-ethylhexyl, 2-hydroxyethyl. 1 -hydroxyethyl. diethylaminoethyl, dibutylaminoethyl. n-bu- 
toxymethyl, methoxymethyO, a substituted or unsubstituted cyclic alky! group having from 3 to 6 carbon atoms (e.g., 
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cyclopropyl, cyclopentyl, cyclohexyl). The aryl group for it is, for example, a substituted or unsubstituted aryl group 
having from 6 to 12 carbon atoms (e.g., unsubstituted phenyl, 2-methylphenyl). 

[0101] The heterocyclic group for it may be unsubstituted or substituted with an alkyi group, an alkenyl group or an 
aryl group or further with an additional heterocyclic group (e.g., pyridyl, 3-phenylpyridyl, piperidyl, morpholyl). 
5 [01 02] Y** may be substituted with any of the substituents Y. 

[0103] Preferred examples of formula (X-3) are mentioned below. 

[01 04] Preferably in the formula, Y^ is a substituted or unsubstituted alkylene group having from 1 to 6 carbon atoms, 
or a substituted or unsubstituted arylene group having from 6 to 10 carbon atoms; Y^ is a substituted or unsubstituted 
alkyi group having from 1 to 6 carbon atoms, or a substituted or unsubstituted aryl group having from 6 to 1 0 carbon 
10 atoms; Z2 is S or Se; and n^ is 1 or 2. 

[0105] More preferably, Y^ Is an alkylene group having from 1 to 4 carbon atoms; Y^ is an alkyi group having from 
1 to 4 carbon atoms; Is S; and n^ is 1 . 
[0106] Next described In detail is formula (X-4). 

[0107] In the formula, the alkyi group and the alkenyl group for Y^ and Y^ include, for example, a substituted or 

15 unsubstituted, linear or branched alkyi group having from 1 to 10 carbon atoms (e.g., methyl, ethyl, isoprcpyl, n-propyl, 
n-butyl, tert-butyl. 2-pentyl, n-hexyl, n-octyl, tert-octyl, 2-ethylhexyl, hydroxymethyl, 2-hydroxyethyl, 1 -hydroxyethyl, 
diethylamlnoethyl, dibutylaminoethyl, n-butoxymethyl, n-butoxypropyl, methoxymethyl), a substituted or unsubstituted 
cyclic alkyi group having from 3 to 6 carbon atoms (e.g., cyclopropyl, cyclopentyl, cyclohexyl), and an alkenyl group 
having from 2 to 10 carbon atoms (e.g., allyl, 2-butenyl, 3-pentenyl). The aryl group for them may be, for example, a 

20 substituted or unsubstituted aryl group having from 6 to 1 2 carbon atoms (e.g., unsubstituted phenyl, 4-methylphenyl); 
and the heterocyclic group may be unsubstituted or substituted with any of an alkylene group, an alkenylene group, 
an arylene group and an additional heterocyclic group (e.g., pyridyl, 3-phenylpyridyl, furyl, piperidyl, morpholino). 
[0108] In the fonnula, Y^ and Y^ may be substituted with any of the substituents Y. 
[0109] Preferred examples of fomiula (X-4) arc mentioned below. 

25 [0110] Preferably in the formula, Y^ and Y^ each are a substituted or unsubstituted alkyi group having from 1 to 6 
carbon atoms, or a substituted or unsubstituted aryl group having from 6 to 10 carbon atoms. 
[0111] More preferably, Y^ and Y^ each are an aryl group having from 6 to 8 carbon atoms. 
[0112] Fomnulae (X-5a) and (X-5b) are described in detail. In these fonnulae, the group includes, for example. 
NH2, NHCH3, NHC2H5, NHPh, N(CH3)2, N(Ph)2, NHNHC3H7, NHNHPh, OC4H9, OPh and SCH3; and includes, for 

30 example, NH, NCH3, NCgHg. NPh, NHNC3H7, and NHNPh. "Ph" herein indicates a phenyl group. 

[0113] In formulae (X-5a) and (X-5b), the alkyi group and the alkenyl group for Y^, Y^ and Y® include, for example, 
a substituted or unsubstituted, linear or branched alkyi group having from 1 to 10 carbon atoms (e.g:, methyl, ethyl, 
isopropyl, n-propyl, n-butyl,tert-bulyl, 2-pentyl, n-hexyl, n-octyl, tert-octyl, 2-ethylhexyl, hydroxymethyl, 2-hydroxyethyl, 
1 -hydroxyethyl, diethylamlnoethyl, dibutylaminoethyl, n-butoxymethyl, n-butoxypropyl, methoxymethyl), a substituted 

35 or unsubstituted cyclic alkyi group having from 3 to 6 carbon atoms (e.g., cyclopropyl, cyclopentyl, cyclohexyl), and an 
alkenyl group having from 2 to 10 carbon atoms (e.g., allyl, 2-buteny(, 3-pentenyl). The aryl group for them may be, 
for example, a substituted or unsubstituted aryl group having from 6 to 12 carbon atoms (e.g., unsubstituted phenyl, 
4-methylphenyl). The heterocyclic group for them may be unsubstituted or substituted with any of an alkylene group, 
an alkenylene group, an arylene group and an additional heterocyclic group (e.g., pyridyl, 3-phenylpyridyl, furyl, pip- 

40 eridyl, morpholyl). 

[0114] In the fomnulae, Y^, Y^ and Y^ may be substituted with any of the substituents Y. 
[01 15] Preferred examples of fonnulae (X-5a) and (X-5b) are mentioned below. 

[01 16] Preferably in these formulae, is an alkyl-substituted or unsubstituted amino or alkoxy group; is an alkyl- 
substituted or unsubstituted amino-linking group; Y^, Y^ and Y^ each are a substituted or unsubstituted alkyi group 
45 having group 1 to 6 carbon atoms, or a substituted or unsubstituted arylene group having from 6 to 1 0 carbon atoms; 
and is S or Se. 

[0117] More preferably, E"" is an alkyl-substituted or unsubstituted amino group; is an alkyl-substituted or unsub- 
stituted amino-linking group; Y^, Y^ and Y^ each are a substituted or unsubstituted alkyi group having group 1 to 4 
carbon atoms; and Z^ Is S. 
50 [01 1 8] Formulae (X-6a) and (X>6b) are described in detail. 

[0119] In these fomnulae. the groups G2 and J include, for example, COOCH3, COOCaHy, COOCgHia, COOPh, 
SO2CH3, SO2C4H9. COC2H5, COPh, SOCH3, SOPh. CN. CHO and NO2. 

[0120] In these formulae, the linking group for Y^^ includes, for example, a substituted or unsubstituted, linear or 
branched alkylene group having from 1 to 20 carbon atoms (e.g., methylene, ethylene, trimethylene, propylene, te- 
55 tramethylene, hexamethylene, 3-oxapentylene. 2-hydroxytrimethylene), a substituted or unsubstituted cyclic alkylene 
group having from 3 to 18 carbon atoms (e.g., cyclopropylene, cyclopentylene, cyclohexylenc), a substituted or un- 
substituted alkenylene group having from 2 to 20 carbon atoms (e.g., ethene. 2-butenyIene), an alkynylene group 
having from 2 to 10 carbon atoms (e.g., ethynylene), and a substituted or unsubstituted arylene group having from 6 
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to 20 carbon atoms (e.g., unsubstituted p-phenylene, unsubstituted 2.5-naphthylene). 

[0121] In these formulae, the drvalent heterocyclic group for Y^^ may be unsubstituted or substituted with any of an 
alkylene group, an alkenylene group, an arylene group and an additional heterocyclic group (e.g., 2.5-pyridine-dlyl, 
3-phenyl-2.5-pyridine-diyl, 2,4-furan-diyl, 1 ,3-piperidine-diyl, 2,4-morpholine-diyl). 
[0122] In these fonnulae, Y^i may be substituted with any of the substituents Y. 
[01 23] Preferred examples of fonnulae (X-6a) and (X-6b) are mentioned below. 

[0124] Preferably In these fomnulae, G2 and J each are a carboxylate or carbonyl residue having from 2 to 6 carbon 
atom; and Y^i Is a substituted or unsubstituted alkylene group having from 1 to 6 carbon atoms, or a substituted or 
unsubstituted arylene group having from 6 to 10 carbon atoms. 

[0125] More preferably, G2 and J each are a carboxylate residue having from 2 to 4 carbon atom; and Y^^ is a 
substituted or unsubstituted alkylene group having from 1 to 4 carbon atoms, or a substituted or unsubstituted arylene 
group having from 6 to 8 carbon atoms. 

[0126] The silver halide-adsorbing group for X is more preferably any of fomfiulae (X-1), (X-2a), (X-2b), (X-3), (X- 
5a). (X-5b), (X-4), (X-6a) and (X-6b) in that order. 

[0127] The light-absorbing group for X In fonmula (I) is described in detail. 

[0128] The light-absort)ing group for X In fonnula (I) may be represented, for example, by the following general 
formula: 



General Formula pC-7) 



wherein represents an atomic group necessary for forming a 5- or 6-membered, nitrogen -containing hetero ring; 
L2, l3, l-* and each represent a methine group; p'' indicates 0 or 1 ; n^ falls between 0 and 3; represents a charge- 
equilibrating counter ion; and m^ indicates a number necessary for neutralizing the charge of the molecule, falling 
between 0 and 1 0. 

[0129] In the fomnula, the 5- or 6-membered, nitrogen-containing hetero ring for includes, for example, thiazoline, 
thiazole, benzothiazole, oxazoline, oxazole, benzoxazole, selenazoline, selenazole, benzoselenazole, 3,3-dialkylindo- 
lenine (e.g., 3,3-dimethylindolenine), imidazoline, imidazole, benzimidazole, 2-pyridine, 4-pyrldine, 2-quinoline, 4-qui- 
noline, 1-isoqulnoline, 3-isoqulnoline, imidazo[4,5-b]quinoxaline. oxadiazole, thiadiazole, tetrazole and pyrimidine nu- 
clei. 

[0130] The 5- or 6-membered, nitrogen-containing hetero ring for Z^ may be substituted with any of the substituents Y. 
[0131] In the fomiula, L2, L^, and each independently represent a methine group. The methine group for L^, 
L3, L-* and may be substituted. The substituent includes, for example, a substituted or unsubstituted alkyi group 
having from 1 to 15 carbon atoms (e.g., methyl, ethyl, 2-carboxyethyl), a substituted or unsubstituted aryi group having 
from 6 to 20 carbon atoms (e.g., phenyl, o-carboxyphenyl), a substituted or unsubstituted heterocyclic group having 
from 3 to 20 carbon atoms (e.g., N,N-diethylbarfaituric residue), a halogen atom (e.g., chlorine, bromine, fluorine, iodine), 
an alkoxy group having from 1 to 15 carbon atoms (e.g., methoxy, ethoxy), an alkylthio group having from 1 to 15 
carbon atoms (e.g., methylthio, ethylthio). an arylthio group having from 6 to 20 carbon atoms (e.g., phenylthio), and 
an amino group having from 0 to 15 carbon atoms (e.g., N.N-diphenylamino. N-methyl-N-phenylamino, N-methylpiper- 
azino). 

[0132] The methine group for these may fonn a ring together with the other methine group, or may also form a ring 
together with the other part of the formula. 

[0133] in the fomnula, indicates the presence of a cation or anion optionally necessary for neutralizing the ionic 
charge of the light-absorbing group. Typical examples of the cation are inorganic cations such as hydrogen ion (H+) 
and alkali metal ions (e.g., sodium ion, potassium ion, lithium ion); and organic cations such as ammonium ions (e.g., 
ammonium ion, tetraaikylammonium ions, pyridinium ion, ethytpyridinium ion). The anion may also be any of an inor- 
ganic anion or an organic anion, including, for example, halide ions (e.g., fluoride ion. chloride ion. iodide ion), substi- 
tuted arylsulfonate ions (e.g., p-toluenesulfonate ion. p-chlorobenzenesulfonate ion), aryldisulfonate ions (e.g., 
1,3-benzenedisulfonate ion. 1 ,5-naphthalenedlsu!fonate ion, 2,6-naphthalenedisuIfonate ion), alkylsulfate ions (e.g.. 
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methylsulfate ion), sulfate ion, thiocyanate ion, perchlorate ion, tetrafluoroborate ion, picrate ion, acetate ion, and trif- 
luoromethanesulfonate Ion. For the light- absorbing group, also usable are ionic polymers or counter-charged groups. 
[0134] In this description, the sulfo group is represented by SO^', and the carboxyl group is by CO2'; and when the 
counter ion is a hydrogen ion, they may be represented by SO3H and CO2H, respectively. 

[0135] In the formula, m2 indicates a number necessary for neutralizing the charge of the molecule. In case where 
the group of the formula is to indicate an internal salt, m is 0. 
[0136] Preferred examples of fonnula (X-7) are mentioned below. 

[0137] Preferably in formula (X-7), indicates a benzoxazole nucleus, a benzothlazole nucleus, a benzimldazole 
nucleus or a quinoline nucleus; L2, L^, L^^ and each represent an unsubstituted methine group; pi is 0; and n^ is 1 or 2. 
[0138] More preferably, 2* Indicates a benzoxazole nucleus or a benzothiazole nucleus, and n^ is 0. Even more 
preferably, Is a benzothiazole nucleus. 
[0139] In formula (I), k is preferably 0 or 1 , more preferably 1 . 

[0140] Examples of X in fomnula (I) are mentioned below, to which, however, X employable in the first embodiment 
of the invention is not limited. 
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CH 

-K-O-OCHa -CH2CH2C^CH -cj/^^^^"^ 
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CH3 
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[0141] The linking group for L In formula (i) is described in detail. 

[01 42] The linking group for L in formula (I) includes, for example, a substituted or unsubstituted, linear or branched 

40 alkylene group having from 1 to 20 carbon atoms (e.g., methylene, ethylene, trimethylene, propylene, tetramethylene, 
hexamethylene, 3-oxapentylene, 2-hydroxytrimethylene), a substituted or unsubstituted cyclic alkylene group having 
from 3 tol 8 carbon atoms (e.g., cyclopropylene, cyclopentylene, cyclohexylene), a substituted or unsubstituted alke- 
nylene group having from 2 to 20 carbon atoms (e.g., ethane, 2-butenylene), an alkynylene group having from 2 to 10 
carbon atoms (e.g., ethynylene), a substituted or unsubstituted arylene group having from 6 to 20 carbon atoms (e.g., 

45 unsubstituted p-phenylene, unsubstituted 2,5-naphthylene), a heterocyclic linking group (e.g., 2,6-pyridine-diyl), a car- 
bonyl group, a thiocarbonyl group, an imido group, a sulfonyl group, a sulfonyloxy group, an ester group, a thioester 
group, an amido group, an ether group, a thioether group, an amino group, an ureido group, a thioureido group, a 
thiosulfonyl group. These linking groups may be bonded to each other to form linking groups of ditferent types. 
[0143] L may be substituted with any of the substituents Y. 

50 [0144] Preferably, the linking group L is an unsubstituted alkylene group having from 1 to 10 carbon atoms, or an 
alkylene group having from 1 to 10 carbon atoms and bonded to any of an amino group, an amido group, a thioether 
group, an ureido group or a sulfonyl group. More preferably, It is an unsubstituted alkylene group having from 1 to 6 
carbon atoms, or an alkylene group having from 1 to 6 carbon atoms and bonded to any of an amino group, an amido 
group or a thioether group. 

55 [0145] In formula (I), m is preferably 0 or 1 , more preferably 1 . 
[0146] The electron-donating group A is described in detail. 

[0147] In fomnula (I), the moiety (A - B) is, after oxidized or fragmented, releases an electron to form a radical A-. 
and the radical A- is then oxidized to release an electron. The reaction process to enhance the sensitivity of the pho- 
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tothermographic material of the invention is shown below. 
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[0148] In the compound of formula {!), A is electron-donating group. Preferably, therefore, the compound is so de- 
signed that the substituents on the aromatic group of any structure therein satisfy the electron-rich condition of A 
therein. For example, in case where the aromatic ring in the compound does not satisfy the electron-rich condition of 
A, it Is desirable to introduce an electron-donating group Into It; but on the contrary, in case where the aromatic ring 
has too many electrons like anthracene, it is desirable to Introduce an electron-attracting group into it. In any case, it 
is desirable that the oxidation potential of the compound Is well controlled In that manner. 
[0149] Preferably, the group A is represented by any of the following general formulae (A-1 ), (A-2) and {A-3): 



[0150] In fomiulae (A-1) and (A-2). Y12\ and Y^^' each independently represent a hydrogen atom, or a 
substituted or unsubstituted alkyi, aryl, alkylene or arylene group; Y^^^ and Y^*' each independently represent an alkyi 
group, COOH, a halogen atom, Niy^%, OY^s, SY^s^ CHO, COY^s^ COOYis CONHY^s C0N(Yi5)2, SO3Y15, 
SO2NHY15, SO2NY15, SO2Y15. SOY15, or CSY15; Ari and Ar^' each independently represent an aryl group or a hete- 
rocyclic group; Y"»2 and Y^^. Y12 and Ar^, Yi2' and Y^^'. and Y12' and Ar^' may be bonded to each other to fomi a ring; 
Q2 and Q2' each independently represent O, S, Se or Te; m^ and m* each Independently indicate 0 or 1 ; n^ falls between 
1 and 3; L2 represents N-R, N-Ar, O, S or Se, optionally having a 5- to 7-membered hetero ring or unsaturated ring; 
and Y^s represents a hydrogen atom, an alkyi group or an aryl group. The cyclic stmcture of fomiula (A-3) indicates a 
substituted or unsubstituted, 5- to 7-membered unsaturated ring or hetero ring. 

[0151] Fomnulae (A-1). (A-2) and (A-3) are described in detail. In these formulae, the alkyi group for y^^, Y^^, Y^^ 
and Y''3' includes, for example, a substituted or unsubstituted, linear or branched alkyi group having from 1 to 10 carbon 
atoms (e.g., methyl, ethyl, isopropyl, n-propyl, n-butyl, tert-butyl, 2-pentyl, n-hexyl n-octyl, tert-octyl. 2-ethylhexyl, 2-hy- 
droxyethyl. 1-hydroxyethyl, diethyl ami noethyl, dibutylaminoethyl, n-butoxymethyl, methoxymethyl), a substituted or 
unsubstituted cyclfc alkyi group having from 3 to 6 carbon atoms (e.g.. cyclopropyl, cyclopentyl, cyclohexyl). The aryl 



General Formula (A-1) 



General Formula (A-2) 




General Formula (A~3) 
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group for them may be, for example, a substituted or unsubstituted aryi group having from 6 to 12 carbon atoms (e.g., 
unsubstituted phenyl, 2-methylphenyl). 

[0152] The alkylene group may be, for example, a substituted or unsubstituted, linear or branched alkylene group 
having from 1 to 1 0 carbon atoms (e.g., methylene, ethylene, trimethylene, tetramethylene, methoxyethylene); and the 
5 arylene group may be, for example, a substituted or unsubstituted arylene group having from 6 to 1 2 carbon atoms (e. 
g., unsubstituted phenylene, 2-methyIphenylene, naphthylene). 

[0153] In formulae (A-1) and (A-2), the groups Y^^ a^d Y^'^' include, for example, an a!l<yl group (e.g., methyl, ethyl, 
Isopropyl, n-propyl, n-butyl, 2-pentyl, n-hexyl, n-octyl, 2-ethylhexyl, 2-hydroxyethyl, n-butoxymethyl), COOH, a halogen 
atom (e.g., fluorine, chlorine, bromine). OH, N(CH3)2, NPhg, OCH3. OPh. SCH3, SPh, CHO, COCH3, COPh, COOC4H9, 
10 COOCH3, CONHC2H5, CON(CH3)2, SO3CH3. SO3C3H7, SO2NHCH3, S02N(CH3)2. SOgCgHg, SOCH3. CSPh, CSCH3. 
[0154] Ar^ and Ar^' in fonnulae (A-1) and (A-2) include, for example, a substituted or unsubstituted aryl group having 
from 6 to 12 carbon atoms (e.g., phenyl, 2-methylphenyI, naphthyl), and a substituted or unsubstituted heterocyclic 
group (e.g., pyridyl, 3-phenylpyridyl, piperidyl, morpholyl). 

[0155] L2 in formulae (A-1) and (A-2) include, for example, NH, NCH3, NC4H9, NC3H7(i). NPh, NPh-CH3. 0, S, Se, Te. 
15 [0156] The cyclic structure of formula (A-3) includes an unsaturated 5- to 7-membered ring and a hetero ring (e.g., 
furyl, piperidyl, morpholyl). 

[0157] Y^^, Yi3, Y^^ Ari, L2, Y''2', Y^3', Y^^', Ar''' in fonnulae (A-1) and (A-2), and the cyclic structure of formula (A- 
3) may be substituted with any of the substituents Y. 

[01 58] Preferred examples of formulae (A-1 ). (A-2) and (A-3) are mentioned below. 

20 [0159] Preferably in formulae (A-1) and (A-2), Y^^, Y''^', Y''^ and Y^^' each independently represent a substituted or 
unsubstituted alkyl or alkylene group having from 1 to 6 carbon atoms, or a substituted or unsubstituted aryl group 
having from 6 to 10 carbon atoms; Y'''^ and Y^^*' each are a substituted or unsubstituted alkyl group having from 1 to 6 
carbon atoms, an amino group mono- or di-substituted with alkyl group(s) having from 1 to 4 carbon atoms, a carboxyl 
group, a halogen atom, or a carboxylate residue having from 1 to 4 carbon atoms; Ar*" and Ar''" each are a substituted 

25 or unsubstituted aryl group having from 6 to 1 0 carbon atoms; and Q^' each are O, S or Se; m^ and m^ each are 0 
or 1 ; n^ falls between 1 and 3; and is an alkyl-substltuted amino group having from 0 to 3 carbon atoms. 
[0160] Preferably, the cyclic structure of fomnula (A-3) is a 5- to 7-membered hetero ring. 

[0161] More preferably in formulae (A-1 ) and (A-2), Y12, ^^2^ yi3 and Y^^'each independently represent a substituted 
or unsubstituted alkyl or alkylene group having from 1 to 4 carbon atoms; Y'"^ and Y^"*' each are an unsubstituted alkyl 
30 group having from 1 to 4 carbon atoms, or a monoamino-substituted or diamino-substituted alkyl group having from 1 
to 4 carbon atoms; Ar*" and Ar^' each are a substituted or unsubstituted aryl group having from 6 to 1 0 carbon atoms; 
Q2 and Q2' each are O or S; m^ and m^ are both 0; n^ Is 1 ; and is an alkyl-substituted amino group having from 0 
to 3 carbon atoms. 

[0162] Also more preferably, the cyclic structure of fomnula (A-3) is a 6- or 6-membered hetero ring. 
35 [0163] In formula (I), when X is represented by any of fomnula (A-1) or (A-2), the moiety of A bonding to X or L is 
selected from Y12, y13. Ar\ Y12', yia* and Ar^'. 

[0164] Examples of A in fomnula (I) are mentioned below, to which, however, A employable in the first embodiment 
of the invention Is not limited. 
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[0165] B in formula (I) is described in detail. 

[0166] In case where B is a hydrogen atom, the compound of formula (I) is, after oxidized, deprotonated by the 
Intemal base to give a radical A-. 

[0167] Preferably, B is a hydrogen atom or a group represented by any of the following general fonmulae (8-1), (B- 
2) and (B-3): 



General 



Formula 
(B-1) 



General 



Formula 
(B-2) 



General Formula 
(B-3) 



i— COO- 



j-W-(Y^^3 



-B^(Ar^)a 



[0168] In fomiulae {B-1), (B-2) and (B-3), W represents Si, Sn or Ge; each Yi6 Independently represents an alkyi 
group; and each Ar^ independently represents an aryl group. 

[0169] The group of fomnula (B-2) or (B-3) may be bonded to the adsorbing group X in fonnula (I). 
[0170] Fomiulae (B-1). (B-2) and (B-3) are described in detail. In these formulae, the alkyI group for includes, 
for example, a substituted or unsubstituted, linear or branched alkyI group having from 1 to 6 carbon atoms (e.g., 
methyl, ethyl, isopropyl, n-propyl, n-butyl, tert-butyl, 2-pentyl, n-hexyl, n-octyl, tert-octyt, 2-ethylhexyl, 2-hydroxyethyl, 
1 -hydroxyethyl, n-butoxyethyl, methoxymethyl), and a substituted or unsubstituted aryl group having from 6 to 12 car- 
bon atoms (e.g., phenyl, 2-methy!phenyl). 

[0171] and Ar^ in formulae (B-1), (B-2) and (B-3) may be substituted with any of the substltuents Y. 
[0172] Preferred examples of fomiulae (B-1). (B-2) and (B-3) are mentioned below. 

[0173] Preferably in formulae (B-2) and (B-3), Y^^ is a substituted or unsubstituted alkyI group having from 1 to 4 
carbon atoms; Ar^ Is a substituted or unsubstituted aryl group having from 6 to 10 carbon atoms; and W is Si or Sn. 
[0174] More preferably in formulae (B-2) and (B-3), Y^^ jg a substituted or unsubstituted alkyI group having from 1 
to 3 carbon atoms; Ar^ is a substituted or unsubstituted aryl group having from 6 to 8 carbon atoms; and W is. 
[01 75] Of formulae (B-1 ), (B-2) and (B-3), most preferred are COO" of formula (B-1 ), and Si-(Y16)3 of formula (B-2). 
[0176] Preferably in formula (1), n is 1 . 

[0177] Examples of (A-B) in formula (I) are mentioned below, to which, however, (A-B) employable In the first em- 
bodiment of the invention Is not limited. 
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[0178] The counter ion necessary for the charge balance of (A-B) in fonnula (I) Includes, for example, sodium, po- 
tassium, triethylammonium, dilsopropylammonium, tetrabutylammonium and tetramethylguanidinium ions. 
[0179] Preferably, the oxidation potential of (A-B) falls between 0 and 1 .5 V, more preferably between 0 and 1.0 V, 
even more preferably between 0.3 and 1 .0 V. 

[0180] Also preferably, the oxidation potential of the radical A-(E2) resulting from the bond cleavage reaction falls 
between -0.6 and -2.5 V, more preferably between -0.9 and -2 V, even more preferably between -0.9 and -1 .6 V. 
[0181] The oxidation potential may be measured as follows: 
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may be measured through cyclic voltammetry. Concretely, the electron donor A is dissolved in a solution of 
water 80 %/20 % (by volume) that contains acetonitrile/0.1 M lithium perchlorate. A glassy carbon disc rs used for 
the working electrode; a platinum wire is for the counter electrode; and a saturated calomel electrode (SCE) is for 
the reference electrode. At this is measured at a potential scanning speed of 0. 1 V/sec. The ratio of oxidation 
potential/SCE is read at the peak of the cyclic voltammetric curve. The value of the compound (A-B) is described 
in EP 93.731 A1. 

[0182] The oxidation potential of the radical is measured through transitional electrochemical and pulse-radiation 
decomposition. This is reported in J. Am. Chem. Soc, 1988, 110, 132; ibid., 1974. 96, 1287; and ibid., 1974, 96, 1295. 
[01 83] Examples of the compound of formula (1) are mentioned below, to which, however, the compounds employable 
in the first embodiment of the Invention are not limited. 
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[0184] For their production, the compounds of formula (1) may be produced according to the methods described in, 
35 for example, USP 5,747,235, 5,747,235, EP 786,692A1 , 893,731 A1 , 893,732A1 , and WO99/05570, or according to 
those similar to the methods. 

[0185] In producing the photothermographic material of the first embodiment of the invention, the compound of for- 
mula (I) may be added to the material In any stage, for example, while the coating emulsion for the material is prepared, 
or while the material is produced. Concretely, it may be added in any step of grain formation, de-salting or chemical 

40 sensitization, or even prior to emulsion coating. In these steps, the compound may be added twice or more. 

[01 86] Preferably, the compound of formula (1) is added, after dissolved In water or a water-soluble solvent such as 
methanol or ethanol or In a mixed solvent of these. In case where the compound Is dissolved in water, the pH of the 
solution may be high for the compounds having a higher degree of solubility in water at a higher pH. In that case, 
however, the pH of the solution may be lowered for the compounds having a higher degree of solubility in water at a 

45 lower pH. 

[0187] Preferably, the compound of fomiula (1) is in the image-fonning layer (emulsion layer) of the photothemrio- 
graphic material. If desired, it may also be In the protective layer and/or the interiayer of the material so that the com- 
pound may diffuse in the image-fomiing layer while the layers are fomried. The time for adding the compound of formula 
(I) is not specifically defined, irrespective of before and after addition of a sensitizing dye to the image-forming layer. 
so Preferably, the compound of fomriula (I) is added to the silver halide-containing image-fomiing layer of the material, 
and its amount falls between 1x10-9 and 5X10"^ mols, more preferably between 1 x IQ-s and 2x10*^ mols per 
mol of the silver halide In the layer. 
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<Photosensitfve Silver Halide> 

[0188] The photosensitive silver halide for use in the first embodiment of the invention is described in detail. 
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«Halogen Composition» 

[0189] Preferably, the mean silver iodide content of the photosensitive silver hallde for use in the first embodiment 
of the invention falls between 5 and 100 mol%, more preferably between 10 and 100 mol%. even more preferably 
between 70 and 100 mol%, most preferably between 90 and 100 mol%. 

[0190] Regarding the halogen composition distribution in each silver halide grain, the composition may be uniform 
throughout the grain, or may stepwise vary, or may continuously vary. Core/shell structured sliver halide grains are 
also preferred for use herein. Preferably, the core/shell structure of the grains has from 2 to 5 layers, more preferably 
from 2 to 4 layers. 

[0191] Solid solution of halogen compositions other than Iodine is limited. However, the iodine content of core/shell 
structured silver halide grains as above or of conjugate structured silver halide grains can be controlled in any desired 
manner. 

[0192] Preferably, the photosensitive silver halide in the first embodiment of the invention has a direct transition 
absorption derived from the silver iodide crystal structure therein, in a wavelength range of from 350 nm to 450 nm. 
Silver halides having such a direct transition for light absorption can be readily differentiated from any others by ana- 
lyzing them as to whether to not they show an exciton absorption caused by their direction transition at around 400 

nm to 430 nm. 

[0193] The high silver iodide phase of such a type of direct transition light absorption may exist alone in the silver 

halide emulsion for use herein, but may be conjugated with any other silver halide phase having an indirect transition 

absorption in a wavelength range of from 350 nm to 450 nm, for example, with silver bromide, silver chloride, silver 

bromoiodide, silver chloroiodide or their mixed crystals. Any of these are preferred for use herein, 

[0194] As so mentioned above, the silver halide grains for use herein may preferably have a core/shell structure. 

Also preferably, the grains may have an amorphous structure through iodine ion conversion. 

[0195] In any case, it is desirable that the halogen composition of the silver halide grains has a total silver Iodide 

content of from 5 to 100 mol%. More preferably, the sliver iodide content of the grains falls between 10 and 100 mol%, 

even more preferably between 40 and 100 mol%, still more preferably between 70 and 100 mol%, most preferably 

between 90 and 100 mol%. 

[0196] The silver halide phase of the type of direct transition light absorption generally absorbs much light, but as 
compared with other silver halide phases of the other type of indirect transition light absorption that absorb only a little 
light, its sensitivity is low and therefore its industrial use has not heretofore been taken into much consideration. 
[0197] We, the present inventors have found that, when the silver halide phase of that type of direct transition light 
absorption is combined with at least one compound of formula (I), then Its sensitivity is increased. On the basis of this 
finding, we have completed the first embodiment of the Invention. 

«Grain Size» 

[0198] More preferably, the photosensitive silver halide in the first embodiment of the invention has a mean grain 
size of from 5 nm to 80 nm for more effectively attaining its effect. We, the present inventors have found that, especially 
when the silver halide grains having the phase that has a direct transition absorption have a grain size of not larger 
than 80 nm and are small, then their sensitivity Is more Increased. 

[0199] Even more preferably, the mean grain size of the photosensitive silver halide falls between 5 nm and 70 nm. 
still more preferably between 1 0 nm and 50 nm. The grain size referred to herein is meant to indicate the diameter of 
the circular image having the same area as the projected area of each sliver halide grain (for tabular grains, the main 
face of each grain is projected to determine the projected area of the grain). The data of all the silver halide grains thus 
analyzed are averaged to obtain the mean grain size thereof. The mean grain size may be hereinafter refen-ed to simply 
as -grain size". 

«Method of Forming Grains» 

[0200] IVlethods of forming the photosensitive silver halide are well known in the art, for example, as In Research 
Disclosure 1 7029 (June 1 978), and USP 3,700,458, and any known method is employable in the invention. Concretely, 
a silver source compound and a halogen source compound are added to gelatin or any other polymer solution to 
prepare a photosensitive silver halide, and it is then mixed with an organic silver salt. This method is prefen-ed for the 
invention. Also prefen-ed are the method described in JP-A 1 1 9374/1 999, paragraphs [021 7] to [0244); and the methods 
described in JP-A 11-352627 and 2000-347335. 
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«Grain Morphoiogy» 

[0201] Silver halide grains generally have different types of nDorphology, Including, for example, cubic grains, octa- 
liedral grains, tabular grains, spherical grains, rod-like grains, and potato-like grains. In the first ennbodinrient of the 

5 invention, cubic silver halide grains are especially preferred. Also preferred are corner- rounded silver halide grains. 
The surface index (Miller index) of the outer surface of the photosensitive silver halide grains for use herein is not 
specifically defined, but is desirably such that the proportion of {1 00) plane, which ensures higher spectral sensitization 
when It has adsorbed a color-sensitizing dye, in the outer surface is larger. Preferably, the proportion of {1 00) plane in 
the outer surface Is at least 50 %, more preferably at least 65 %, even more preferably at least 80 %. The Miller Index 

10 indicated by the proportion of {1 00} plane can be identified according to the method described by T. Tani in J. Imaging 
Sd., 29, 165 (1985), based on the adsorption dependency of sensitizing dye onto {111} plane and {100} plane. 

«Heavy Metal» 

15 [0202] In the first embodiment of the invention, preferred are silver halide grains having a hexacyano-metal complex 
in their outermost surface. Preferred examples of the hexacyano-metal complex are [Fe(CN)g]^-. [Fe(CN)6]3-, [Ru 
(CN)6]^-, [Os(CN)6]4-, [Co(CN)6p, [Rh(CN)6]3-, [lr(CN)6p-, [Cr(CN)6]3-. [Re(CN)6l3-. Of those, hexacyano-Fe complex- 
es are more preferred in the first embodiment of the invention. 

[0203] As hexacyano-metal complexes exist in the form of ions In their aqueous solutions, their counter cations are 
20 of no importance. Preferably, however, the counter cations for the complexes are any of alkali metal ions such as 
sodium, potassium, rubidium, cesium and lithium ions; ammonium ions, and alkylammonium ions (e.g., tetramethyl- 
ammonlum, tetraethylammonlum, tetrapropylammonium and tetra(n-butyl)ammonium ions), as they are well miscible 
with water and are favorable to the operation of precipitating silver halide emulsions. 

[0204] The hexacyano-metal complex may be added to silver halide grains in the form of a solution thereof in water 
25 or in a mixed solvent of water and an organic solvent miscible with water (for example, alcohols, ethers, glycols, ketones, 
esters, amides), or in the fonn of a mixture thereof with gelatin. 

[0205] The amount of the hexacyano-metal complex to be added to the silver halide grains preferably falls between 
1 X 10*5 mols and 1 x 1 0-2 mols, per mol of silver of the grains, more preferably between 1 x 10-*molsand1 x 10-3 
mols. 

30 [0206] In order to make the hexacyano-metal complex exist in the outemiost surfaces of the silver halide grains, the 
complex is added to an aqueous silver nitrate solution from which are formed the silver halide grains, after the solution 
has been added to a reaction system to give the grains but before the grains having been fomned are finished for 
chemical sensitization such as chalcogen sensitization with sulfur, selenium or tellurium or noble metal sensitization 
with gold or the like, or is directly added to the grains while they are rinsed or dispersed but before they are finished 

35 for such chemical sensitization. To prevent the silver halide grains formed from growing too much. It is desirable that 
the hexacyano-metal complex is added to the grains Immediately after they are fomned. Preferably, the complex is 
added thereto before the grains formed are finished for post-treatment. 

[0207] Adding the hexacyano-metal complex to the silver halide grains may be started after 96 % by weight of the 
total of silver nitrate, from which are fomned the grains, has been added to a reaction system to give the grains, but is 
40 preferably started after 98 % by weight of silver nitride has been added thereto, more preferably after 99 % by weight 
thereof has been added thereto. 

[0208] The hexacyano-metal complex added to the silver halide grains after an aqueous solution of silver nitrate has 
been added to the reaction system to give the grains but Just before the grains are completely fomned Is well adsorbed 
by the grains formed, and may well exist In the outemnost surfaces of the grains. Most of the complex added in that 

45 manner forms a hardly-soluble salt with the silver Ions existing in the surfaces of the grains. The silver salt of hexacyano- 
iron(ll) is more hardly soluble than Agl, and the fine grains fomned are prevented from re-dissolving and aggregating 
into large grains. Accordingly, the intended fine silver halide grains having a small grain size can be formed. 
[0209] The photosensitive silver halide grains for use in the first embodiment of the invention may contain a metal 
or metal complex of Groups 6 to 10 of the Periodic Table (including Groups 1 to 18). The metal of Groups 8 to 10. or 

so the center metal of the metal complex is preferably rhodium, ruthenium or iridium. In this embodiment, one metal 
complex may be used alone, or two or more metal complexes of one and the same type of metal or different types of 
metals may also be used as combined. The metal or metal complex content of the grains preferably falls between 1 
X 1 0'9 mols and 1 x 1 0-3 mols per mol of silver of the grains. Such heavy metals and metal complexes, and methods 
of adding them to the silver halide grains are described in, for example, JP-A 7-225449, JP-A 11-65021 , paragraphs 

55 [001 8] to [0024], and JP-A 1 M 1 9374. paragraphs [0227] to [0240]. 

[0210] The metal atoms (e.g., in [Fe(CN)6)^) that may be added to the silver halide grains for use In the first embod- 
iment of the invention, as well as the methods of desalting or chemical sensitization of the silver halide emulsions are 
described, for example, In JP-A 1 1 -84574, paragraphs [0046] to [0050], JP-A 1 1 -65021 , paragraphs [0025] to [0031 ], 
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and JP-A 11-119374. paragraphs [0242) to [0250). 

«Gelatin» 

[0211] Gelatin of different types may be used in preparing the photosensitive silver halide emulsions for use in the 
first embodiment of the invention. For better dispersion of the photosensitive silver halide emulsion in an organic silver 
salt-containing coating liquid in producing the photothennographic material of the invention, preferred is low-molecular 
gelatin having a molecular weight of from 500 to 60,000. The low-molecular gelatin of the type may be used in forming 
the silver halide grains or in dispersing the grains after the grains have been desalted. Preferably it is used in dispersing 
the grains after they have been desalted. 

«Sensitizing Dye» 

[0212] The photothermographic material of the first embodiment of the invention may contain a sensitizing dye. 
Usable herein are sensitizing dyes which, after adsorbed by the silver halide grains, can spectrally sensitize the grains 
within a desired wavelength range. Depending on the spectral characteristics of the light source to be used for exposure, 
favorable sensitizing dyes having good spectral sensitivity are selected for use in the photothennographic material. 
For the details of sensitizing dyes usable herein and methods for adding them to the photothermographic material, 
refen^ed to are paragraphs [0103] to [0109] in JP-A 11-65021 ; compounds of formula (II) in JP-A 10-186572; dyes of 
fonnula (I) and paragraph [0106] in JP-A 11-119374; dyes described in USP 5,510,236, 3,871,887 {Example 5); dyes 
described in JP-A 2-96131 , 59-48753; from page 1 9, line 38 to page 20, line 35 in EP Laid-Open 0803764A1 ; Japanese 
Patent Application Nos. 2000-86865, 2000-1 02560 and 2000-205399. One or more such sensitizing dyes may be used 
herein either singly or as combined. Regarding the time at which the sensitizing dye is added to the silver halide 
emulsion in the invention, it is desirable that the sensitizing dye is added thereto after the desalting step but before the 
coating step, more preferably after the desalting step but before the chemical ripening step. 

[0213] The amount of the sensitizing dye to be in the photothennographic material of the first embodiment of the 
invention varies, depending on the sensitivity and the fogging resistance of the material. In general, it preferably falls 
between 1 0'S and 1 mol, more preferably between 1 0'"^ and 1 0-"* mols, per mol of the silver halide in the image-forming 
layer of the material. 

[021 4] For its better spectral sensitization, the photothermographic material of the first embodiment of the Invention 
may contain a supersensitizer. For the supersensitizer, for example, usable are the compounds described in EP Laid- 
Open 587.338. USP 3.877,943, 4,873,184, and JP-A 5-341432. 11-109547 and 10-111543. 

«CbemicaI Sensftization» 

[021 5] Preferably, the photosensitive silver halide grains for use in the first embodiment of the Invention are chemically 
sensitized with, for example, sulfur, selenium or tellurium. For such sulfur, selenium or tellurium sensitization, any 
known compounds are usable. For example, preferred are the compounds described in JP-A 7-128768. The grains 
for use in the first embodiment of the invention are especially preferably sensitized with tellurium, for which more 
prefen^ed are the compounds described in JP-A 11-65021 , paragraph [0030], and the compounds of fonmulae (II), (III) 
and (IV) gh/en in JP-A 5-313284. 

[021 6] Preferably, the photosensitive silver halide grains for use In the first embodiment of the invention are chemically 
sensitized with gold alone or with gold combined with chalcogen. Gold In the gold sensitizer for them preferably has a 
valence of + 1 or +3. Any ordinary gold compounds for gold sensitization are usable herein. Prefen-ed examples of the 
gold sensitizer for use herein are chloroauric acid, bromoauric acid, potassium chloroaurate, potassium bromoaurate, 
auric trichloride, potassium auric thiocyanate, potassium iodoaurate, tetracyanoauric acid, ammonium aurothiocy- 
anate, pyridyltrichlorogold. Also preferred for use herein are the gold sensitizers described In USP 5,858,637. and 
Japanese Patent Application No. 2001-79450. 

[021 7] In the first embodiment of the invention, the photosensitive silver halide grains may be chemically sensitized 
in any stage after their fomiation but before their coating. For example, they may be chemically sensitized after desalted, 
but (1) before spectral sensitization, or (2) along with spectral sensitization, or (3) after spectral sensitization, or (4) 
just before coating. 

[0218] The amount of the sulfur, selenium or tellurium sensitizer for such chemical sensitization In the first embodi- 
ment of the invention varies, depending on the type of the silver halide grains to be sensitized therewith and the condition 
for chemically ripening the grains, but may fall generally between 10*® and 10*2 mols, preferably between IQ-^ and lO'^ 
mols or so, per mol of the silver halide. 

[0219] The amount of the gold sensitizer to be added to the silver halide grains also varies depending on various 
conditions. In general, it may fall between 1 0-7 and 1 0-3 mols, preferably between 1 0-® and 5 x 1 0-^ mols, per mol of 
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the silver halide. 

[0220] Though not specifically defined, the condition for chemical sensitization in the first embodiment of the invention 
may be such that the pH falls between 5 and 8, the pAg falls between 6 and 1 1 , and the temperature falls between 40 

and 95*'C or so. 

5 [0221] If desired, a thiosulfonic acid compound may be added to the silver halide emulsions for use In the first em- 
bodiment of the invention, according to the method described in EP Laid-Open 293,917. 

[0222] Preferably, the photosensitive silver halide grains in the first embodiment of the Invention are processed with 
a reducing agent. Concretely, preferred examples of compounds for such reduction sensitization are ascorbic acid, 
thiourea dioxide, as well as stannous chloride, aminoimimomethanesulfinic acid, hydrazine derivatives, borane com- 

10 pounds, silane compounds and polyamine compounds. The reduction sensitizer may be added to the grains in any 
stage of preparing the photosensitive emulsions Including the stage of grain growth to just before coating the emulsions. 
Preferably, the emulsions are subjected to such reduction sensitization while they are I<ept ripened at a pH of 7 or more 
and at a pAg of 8.3 or less. Also preferably, they may be subjected to reduction sensitization while the grains are formed 
with a single addition part of silver ions being Introduced thereinto. 

15 [0223] The photothemriographic material of the first embodiment of the invention may contain only one type or two 
or more different types of photosensitive silver halide grains (these will differ in their mean grain size, halogen compo- 
sition or crystal habit, or in the condition for their chemical sensitization), either singly or as combined. Combining two 
or more types of photosensitive silver halide grains differing in their sensitivity will enable to control the gradation of 
the images to be fomned in the photothermographic material. 

20 [0224] For the technique relating to it, referred to are JP-A 57-119341. 53-106125, 47-3929, 48-55730, 46-51 87, 
50-73627, 57-150841 . The sensitivity difference between the combined silver halide grains is preferably such that the 
respective emulsions differ from each other at least by 0.2 logE. 

«Amount of Silver Halide in Photothermographic Materiaf» 

[0225] The amount of the photosensitive silver halide to be in the photothemriographic material of this embodiment 
is, In terms of the amount of silver per m^ of the material, preferably from 0.03 to 0.6 g/m2, more preferably from 0.07 
to 0.4 g/m2, most preferably from 0.05 to 0.3 g/m^. Relative to one mol of the organic silver salt therein, the amount of 
the photosensitive silver halide grains to be In the material preferably falls between 0.01 mols and 0.3 mols, more 
preferably between 0.02 mols and 0.2 mols, even more preferably between 0.03 mols and 0.15 mols. 

«Mode of Mixing Photosensitive Silver Halide and Organic Silver Salt» 

[0226] Regarding the method and the condition for mixing the photosensitive silver halide grains and an organic 
silver salt having been prepared separately, for example, employable is a method of mixing them in a high-performance 
stirrer, a ball mill, a sand mill, a colloid mill, a shaking mill, a homogenlzer or the like; or a method of adding the 
photosensitive silver halide grains having been prepared to the organic sliver salt being prepared, In any desired timing 
to produce the organic silver salt mixed with the silver halide grains. 

[0227] Preferably, the silver halide for use In the first embodiment of the invention is formed in the absence of the 
organic silver salt as in the manner as above. IVlixing two or more different types of aqueous, organic silver salt dis- 
persions with two or more different types of aqueous, photosensitive silver salt dispersions is also preferred for suitably 
controlling the photographic properties of the photothemriographic material of this embodiment. 

«Mode of Mixing Photosensitive Silver Halide in Coating Liquid» 

45 

[0228] The preferred time at which the silver halide grains are added to the coating liquid which is to form the image- 
forming layer on the support of the photothermographic material of the first embodiment of the invention may fall be- 
tween 1 80 minutes before coating the liquid and a time just before the coating, more preferably between 60 minutes 
before the coating and 10 seconds before it. However, there Is no specific limitation thereon, so far as the method and 
so the condition employed for adding the grains to the coating liquid ensure the advantages of the first embodiment of 
the invention. 

[0229] Concretely for mixing them, employable is a method of adding the grains to the coating liquid In a tank in such 
a controlled manner that the mean residence time for the grains In the tank, as calculated from the amount of the grains 
added and the flow rate of the coating liquid to a coater, could be a predetemiined period of time; or a method of mixing 
55 them with a static mixer, for example, as in N. Harunby, M. F. Edwards & A. W. Nienow's Liquid Mixing Technology, 
Chap. 8 (translated by Koji Takahasi, published by Nikkan Kogyo Shinbun. 1989). 
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«Gmdation and Mean Contrast» 



[0230] The image gradation of the photothermographic material is not specifically defined, but is preferably such that 
the mean contrast of the images formed on the material to have a density of from 1 .5 to 3.0 falls between 1 .5 and 1 0. 
in order that the material produces better results of this embodiment. 

[0231] The mean Image contrast refen-ed to herein is represented by the degree of inclination of the line drawn to 
connect the optical density 1 .5 and the optical density 3.0 on the characteristic curve in a graph that indicates the Image 
characteristic of the processed photothemnographic material. In the graph, the horizontal axis indicates the logarithmic 
number of the amount of laser to which the material is exposed for image formation, and the vertical axis indicates the 
optical density of the image formed on the laser-exposed and thermally-developed material. 

[0232] Preferably, the mean image contrast falls between 1 .5 and 10 for sharp letters and images, more preferably 
between 2.0 and 7, even more preferably between 2.5 and 6. 



<Non'photosensitive Organic SiiverSalt> 



[0233] The organic silver salt for use in the first embodiment of the invention is relatively stable to light, but, when 
heated at 80«C or higher in the presence of an exposed photocatalyst (e.g., latent Image of photosensitive silver halide) 
and a reducing agent, it fonms a silver image. The organic silver salt may be any and every organic substance that 
contains a source having the ability to reduce sliver ions. 

[0234] Some non-photosensitive organic silver salts of that type are described, for example, in JP-A 1 0-62899 par- 
agraphs [0048] to [0049]; EP Laid-Open 0803764A1, from page 18. line 24 to page 19. line 37- EP Laid-Open 
0962812A1 : JP-A 11 -349591 . 2000-7683, 2000-7271 1 . Preferred for use herein are silver salts of organic acids es- 
pecially silver salts of long-chain (CIO to C30. preferably C15 to C28) aliphatic carboxylic acids. Prefen-ed examples 
of silver salts of such fatty acids are silver behenate, silver arachidate. silver stearate, silver oleate. silver laurate, silver 
caproate, silver myristate, silver palmitate, and their mixtures. 

[0235] Of those, especially preferred for use in the first embodiment of the invention are silver salts of fatty acids 
having a silver behenate content of at least 50 mol%. more preferably at least 80 mol%, even more preferably at least 
90moi%, 

[0236] The organic silver salt for use in the first embodiment of the Invention is not specifically defined for its mor- 
phology, and may be in any fonn of acicular, rod-lilce, tabular or scaly solids. 

[0237] Scaly organic silver salts are preferred in the first embodiment of the invention. Also preferred are short acicular 
grains having a ratio of major axis to minor axis of at most 5 , or rectangular-parallelepiped or cubic grains , or amorphous 
grains such as potato-like grains. These organic silver grains are characterized in that they are fogged little through 
thermal development as compared with long acicular grains having a ratio of major axis to minor axis of more than 5. 
[0238] In this description, the scaly organic silver salts are defined as follows: A sample of an organic silver salt to 
be analyzed is observed with an electronic microscope, and the grains of the salt seen in the field are approximated 
to rectangular paralleloplpedons. The three different edges of the thus-approximated, one rectangular parallelopipe- 
done are represented by a, b and c. a is the shortest, c is the longest, and c and b may be the same. From the shorter 
edges a and b, x is obtained according to the following equation: 



x = b/a. 



[0239] About 200 grains seen in the field are analyzed to obtain the value x, and the data of x are averaged. Samples 
that satisfy the requirement of x (average) ^ 1.5 are scaly. For scaly grains, preferably, 30 > x (average) ^ 1.5. more 
preferably 20 > x (average) > 2.0. In this connection, the value x of acicular (needle-like) grains falls within a ra'nqe of 
1 < X (average) < 1 .5. 

[0240] In the scaly grains, it is understood that a con^esponds to the thickness of tabular grains of which the main 
plane is represented by b x c. In the scaly organic silver salt grains for use herein, a (average) preferably falls between 
0.01 ^m and 0.23 ^im. more preferably between 0,1 fim and 0.20 [wn; and db (average) preferably falls between 1 and 
6. more preferably between 1.05 and 4. even more preferably between 1.1 and 3. still more preferably between 1 1 
and 2. 

[0241] Regarding its grain size distribution, the organic silver salt Is preferably a mono-dispersed one. Mono-disper- 
sion of grains refen-ed to herein is such that the value (in temns of percentage) obtained by dividing the standard 
deviation of the minor axis and the major axis of each grain by the minor axis and the major axis thereof, respectively 
is preferably at most 100 %. more preferably at most 80 %. even more preferably at most 50 %. To detemiine its 
morphology, a dispersion of the organic silver salt may be analyzed on Its image taken by the use of a transmission 
electronic microscope. 
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[0242] Another method for analyzing the organic silver salt for nnono-dispersion morphology comprises determining 
the standard deviation of the volume weighted mean diameter of the salt grains. In the method, the value in terms of 
percentage (coefficient of variation) obtained by dividing the standard deviation by the volume weighted mean diameter 
of the salt grains is preferably at most 100 %, more preferably at most 80 %, even more preferably at most 50 %. 
5 [0243] Concretely, for example, a sample of the organic silver salt is dispersed in a liquid, the resulting dispersion is 
exposed to a laser ray, and the self-correlation coefficient of the salt grains relative to the time-dependent change of 
the degree of fluctuation of the scattered ray Is obtained. Based on this, the grain size (volume weighted mean diameter) 
of the salt grains is obtained. 

[0244] For preparing and dispersing the organic silver salts for use in the first embodiment of the invention, employ- 
• 10 able is any known method. For it, for example, referred to are JP-A 1 0-62899; EP Laid-Open 0803763A1 and 96281 2A1 ; 
JP-A 11-349591, 2000-7683, 2000-72711 ; and Japanese Patent Application Nos. 11-348228. 11-348229, 11-348230, 
11-203413, 2000-90093. 2000-195621 , 2000-191226, 2000-213813, 2000-214155, 2000-191226. 
[0245] It is desirable that the organic silver salt is dispersed substantially in the absence of a photosensitive silver 
salt, since the photosensitive silver salt, if any in the dispersing system, will be fogged and its sensitivity will be signif- 
is icantly lowered. 

[0246] For the photothennographic material of the first embodiment of the invention, it is desirable that the amount 
of the photosensitive silver salt that may be In the aqueous dispersion of the organic silver salt is at most 0.1 mol% 
relative to one mol of the organic silver salt therein, and it is more desirable that any photosensitive silver salt Is not 
forcedly added to the aqueous dispersion. 

20 [0247] In the first embodiment of the invention, an aqueous dispersion of the organic silver salt may be mixed with 
an aqueous dispersion of the photosensitive silver salt to prepare the photothermographic material. The blend ratio of 
the organic silver salt to the photosensitive silver salt in the mixture may be suitably determined depending on the 
object of the Invention. Preferably, the blend ratio of the photosensitive sliver salt to the organic silver salt in the mixture 
falls between 1 and 30 mol%, more preferably between 2 and 20 mol%, even more preferably between 3 and 1 5 mol%. 

25 [0248] Mixing two or more different types of aqueous, organic silver salt dispersions with two or more different types 
of aqueous, photosensitive silver salt dispersions is preferred for controlling the photographic properties of the resulting 
mixture. 

[0249J The amount of the organic silver salt to be In the photothermographic material of the first embodiment of the 
invention is not specifically defined, and may be any desired one. Preferably, the amount of the salt falls between 0.1 
30 and 5 g/m^, more preferably between 0.3 and 3 g/m^, even more preferably between 0.5 and 2 g/m2 in terms of the 
amount of silver in the salt. 

<Reducing Agent> 

35 [0250] The photothennographic material of the first embodiment of the invention preferably contains a themnal de- 
veloping agent that serves as a reducing agent for the organic silver salt therein. The reducing agent for the organic 
silver salt may be any and every substance capable of reducing silver ions into metal silver, but is preferably an organic 
substance. 

[0251 ) Some examples of the reducing agent are described in JP-A 1 1 -65021 , paragraphs [0043] to [0045], and in 
40 EP Laid-open 0803764A1 , from page 7. line 34 to page 18, line 12. 

[0252] Especially preferred for the reducing agent in the first embodiment of the Invention are hindered phenol-type 
reducing agents and bisphenol-type reducing agents that have an ortho-positioned substltuent relative to the phenolic 
hydroxy! group therein, and more preferred are compounds of the following general formula (R): 

45 



50 




General Formula (R) 



55 

[0253] In fomnula (R), R^^ and R""^" each independently represent an alkyi group having from 1 to 20 carbon atoms; 

and R^^' each independently represent a hydrogen atom, or a substltuent substitutable to the benzene ring; L 
represents -S- or -CHR^^-; Ri3 represents a hydrogen atom, or an all<yl group having from 1 to 20 cartoon atoms; 
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and XI* each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
[0254] Formula (R) is described in detail. 

[0255] R11 and Rii' each independently represent a substituted or unsubstituted alkyi group having from 1 to 20 
carbon atoms. The substituent for the alkyI group is not specifically defined, but preferably includes, for example, an 
aryl group, a hydroxy! group, an alkoxy group, an aryloxy group, an alkylthio group, an arylthio group, an acylamino 
group, a sulfonamido group, a sulfonyl group, a phosphoryl group, an acyl group, a carbamoyl group, an ester group, 
an ureldo group, an urethane group, and a halogen atom. 

[0256] R12 arid Ri2' each independently represent a hydrogen atom, or a substituent substitutable to the benzene 
ring; and X^' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
Preferred examples of the substituent substitutable to the benzene ring are an alkyI group, an aryl group, a halogen 
atom, an alkoxy group, and an acylamino group. 

[0257] L represents a group of -S- or -CHR13.. Ri3 represents a hydrogen atom or an alkyI group having from 1 to 
20 carbon atoms. The alky! group may be substituted. 

[0258] Specifk; examples of the unsubstituted alkyI group for Ri3 are methyl, ethyl, propyl, butyl, heptyl. undecyl, 
isopropyl. 1-ethylpentyl and 2.4,4-trimethylpentyl groups. For the substituent for the substituted alkyI group for It, re- 
ferred to are those mentioned hereinabove for the substituted alkyI group for R^^ . 

[0259] For Ri^ and Rii'. preferred is a secondary or tertiary alkyI group having from 3 to 1 5 carbon atoms. Concretely, 
prefen-ed examples of the alkyI group are isopropyl. isobutyl. t-butyl. t-amyl, t-octyl, cyclohexyl. cyclopentyl. 1-methyl- 
cyclohexyl and 1 -methylcyclopropyl groups. 

[0260] For R^i and R^', more preferred is a tertiary alkyI group having from 4 to 1 2 carbon atoms; even more preferred 
IS any of t-butyl, t-amyl and 1 -methylcycohexyl groups; and most preferred is a t-butyl group. 
[0261] Preferably. R12 and R12* each are an aikyi group having from 1 to 20 carbon atoms, concretely Including for 
example, methyl, ethyl, propyl, butyl, isopropyl. tert-butyl, tert-amyl, cyclohexyl, 1-methylcyclohexyl. benzyl meth- 
oxymethyl and methoxyethyl groups. For these, more preferred are methyl, ethyl, propyl, isopropyl and tert-butvl 
groups. ' 

[0262] Also preferably. X^ and X^' each are a hydrogen atom, a halogen atom or an alkyI group; and more preferably 
they are both hydrogen atoms. 
[0263] L Is preferably -CHR13-. 

[0264] Also preferably. R13 is a hydrogen atom, or an alkyI group having from 1 to 15 carbon atoms. Preferred ex- 
amples of the alkyI group are methyl, ethyl, propyl, isopropyl and 2.4,4-trimethylpentyl groups. More preferably. R13 is 
a hydrogen atom, a methyl group, an ethyl group, a propyl group or an isopropyl group. 

[0265] In case where Ri3 js a hydrogen atom, R12 and Ri2' each are preferably an alkyI group having from 2 to 5 
carbon atoms, more preferably an ethyl or propyl group, most preferably, they are both ethyl groups. 
[0266] In case where R^s |s a primary or secondary alkyI group having from 1 to 8 carbon atoms, R12 and Ri2" are 
preferably both methyl groups. The primary or secondary alkyI group having from 1 to 8 carbon atoms for R13 is pref- 
erably a methyl, ethyl, propyl or isopropyl group, more preferably a methyl, ethyl or propyl group 
[0267] In case where RII, Rii*, R12 and R12' are all methyl groups, Ri3 is preferably a secondary alkyI group The 
secondary alkyI group for Ri3 is preferably an isopropyl, isobutyl or 1-ethylpentyl group, more preferably an Isopropyl 

[0268] Depending on the combination of RI1. RII'. R12, R12" and Ri3 therein, the reducing agents differ in theirthermal 
developabihty and in the tone of developed silver. Combining two or more different types of reducing agents enables 
to control the developability and the developed silver tone. Depending on their object, therefore, combining them will 
be prefen-ed in the invention. 

[0269] Examples of the compounds of formula (R) and other reducing agents for use in the first embodiment of the 
Invention are mentioned below, to which, however, the invention of this embodiment is not limited. 
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15 [0270] Preferably, the amount of the reducing agent to be in the photothernnographic material of the first embodiment 
of the invention falls between 0.1 and 3.0 g/m2, more preferably between 0.2 and 1.5 g/m2, even more preferably 
between 0.3 and 1 .0 g/m^. 

[0271] Also preferably, the amount of the reducing agent to be In the material falls between 5 and 50 mol%, more 
preferably between 8 and 30 mol%, even more preferably between 10 and 20 mol% per mol of silver existing in the 
20 face of the image-forming layer of the material. 

[0272] The reducing agent may be in any form of solution, emulsified dispersion or fine solid particle dispersion , and 
may be added to the coating liquid In any known method so as to be incorporated Into the photothermographic material 
of the invention. 

[0273] One well known method of emulsifying the reducing agent to prepare its dispersion comprises dissolving the 
25 reducing agent in an auxiliary solvent such dibutyl phthalate, tricresyl phosphate, glyceryl triacetate, diethyl phthalate 
or the like oily solvent, or in ethyl acetate or cyclohexanone, followed by mechanically emulsifying it Into a dispersion. 
[0274] For preparing a fine solid particle dispersion of the reducing agent, for example, employable Is a method that 
comprises dispersing a powder of the reducing agent in water or in any other suitable solvent by the use of a ball mill, 
a colloid mill, a shaking ball mill, a sand mill, a jet mill or a roller mill, or ultrasonically dispersing it therein to thereby 
30 prepare the intended solid dispersion of the reducing agent. In this method, optionally used is a protective colloid (e. 
g., polyvinyl alcohol), and a surfactant (e.g., anionic surfactant such as sodium triisopropylnaphthalenesulfonate - this 
is a mixture of the salts in which the three Isopropyl groups are all in different positions). In these mills, generally used 
are beads of zirconia or the like that serve as a dispersion medium. Zr or the like may dissolve out of the beads and 
will often contaminate the dispersion formed. Though varying depending on the dispersion condition, the contaminant 
35 content of the dispersion fomried may generally fall between 1 ppm and 1000 ppm. So far as the Zr content of the 
photothermographic material finally fabricated herein is not larger than 0.5 mg per gram of silver in the material, the 
contaminant will cause no practical problem. 

[0275] Preferably, the aqueous dispersion contains a preservative (e.g., sodium benzoisothiazolinone). 

40 <Development Acceierator> 

[0276] Preferably, the photothennographlc material of the first embodiment of the Invention contains a development 
accelerator. Preferred examples of the development accelerator are sulfonamidophenol compounds of formula (A) In 
JP-A 2000-267222 and 2000-330234; hindered phenol compounds of fomnula (II) in JP-A 2001 -92075; compounds of 

45 formula (I) in JP-A 10-62895 and 11-15116; hydrazine compounds of formula (I) in Japanese Patent Application No. 
2001 -074278; and phenol or naphthol compounds of fomnula (2) in Japanese Patent Application No. 2000-76240. The 
amount of the development accelerator to be in the material may fall between 0.1 and 20 mol%, but preferably between 
0.5 and 10 mol%, more preferably between 1 and 5 mol% relative to the reducing agent therein. The development 
accelerator may be Introduced into the material like the reducing agent thereinto. Preferably, however, it is added to 

50 the material in the form of Its solid dispersion or emulsified dispersion. In case where it is added to the material in the 
form of its emulsified dispersion, the emulsified dispersion thereof is preferably prepared by emulsifying and dispersing 
the development accelerator in a mixed solvent of a high-boiling point solvent that is solid at room temperature and 
an auxiliary solvent having a low boiling point; or the emulsified dispersion is preferably an oilless dispersion with no 
high-boiling-point solvent therein. 

55 [0277] Of the development accelerators mentioned above, especially preferred for use in the first embodiment of the 
invention are hydrazine compounds of formula (I) described in Japanese Patent Application No. 2001 -074278, and 
phenol or naphthol compounds of fonmula (2) described in Japanese Patent Application No. 2000-76240. 
[0278] Preferred examples of the development accelerators for use In the first embodiment of the invention are 
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mentioned below, to which, however, this embodiment is not limited. 
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55 <Hydrogen Bonding Type Compound> 

[0279] A Hydrogen bonding type compound may be in the photothemnographic material of the first embodiment of 
the invention, and the compound is described. 
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[0280] In case where the reducing agent in the first ennbodiment of the Invention has an aromatic hydroxyl group 
( OH), especially when it is any of the above-mentioned bisphenols. the reducing agent Is preferably combined with a 
non-reducing compound that has a group capable of forming a hydrogen bond with the group in the reducing agent 
[0281] The group capable of forming a hydrogen bond with the hydroxyl group or the amino group in the reducing 
agent includes, for example, a phosphoryl group, a sulfoxide group, a sulfonyl group, a carbonyl group, an amido group 
an ester group, an urethane group, an ureido group, a tertiary amino group, and a nitrogen-containing aromatic group' 
[0282] Of those, prefen-ed are a phosphoryl group, a sulfoxide group, an amido group (not having a group of >N-H 
but IS blocked to form >N-Ra. in which Ra is a substituent except H). an urethane group (not having a group of >N-H 
but IS blocked to form >N-Ra. in which Ra is a substituent except H), an ureido group (not having a group of >N-H but 
is blocked to form >N-Ra, in which Ra is a substituent except H). 

[0283] Especially preferred examples of the Hydrogen bonding type compound for use in the firet embodiment of 
the invention are those of the following general formula (D): 



f 

O General Formula (D) 



[0284] In formula (D). R2i to R23 each Independently represent an alkyi group, an aryl group, an alkoxy group an 

aryloxy group, an amino group or a heterocyclic group. These may be unsubstituted or substituted 

[0285] The substltuents for the substituted groups for R2i to R23 are. for example, a halogen atom, an alkyI group 

an aryl group, an alkoxy group, an amino group, an acyl group, an acylamino group, an alkylthio group an arylthio 

group, a sulfonamide group, an acyloxy group, an oxycarbonyl group, a carbamoyl group, a sulfamoyi group a sulfonyl 

group and a phosphoryl group. Of the substituents. preferred are an alkyI group and an aryl group; and mor^ preferred 

are methyl, ethyl, isopropyl, t-butyl, t-octyl, phenyl. 4-alkoxyphenyl and 4-acyloxyphenyl groups 

[0286] The alkyI group for R21 to R23 includes, for example, methyl, ethyl, butyl, octyl, dodecyl. Isopropyl t-butyl t- 

amyl. t-octyl. cyclohexyl. 1 -methylcyclohexyl, benzyl, phenethyl and 2-phenoxypropyl groups. 

[0287] The aryl group forthese includes, for example, phenyl, cresyl, xylyl, naphthyl. 4-t-butylphenyl. 4-t-octylphenyl 

4-anisidyl and 3.5-dichlorophenyl groups. 

[0288] The alkoxy group forthese Includes, for example, methoxy, ethoxy. butoxy. octyloxy, 2-ethylhexyloxy 3 5 5-trl- 
methylhexyloxy, dodecyloxy. cyclohexyloxy, 4-methylcyclohexyloxy and benzyloxy groups. 

[0289] The aryloxy group for these includes, for example, phenoxy. cresyloxy. isopropylphenoxy. 4-t-butylphenoxy 
naphthoxy and biphenyloxy groups. The amino group for these includes, for example, dimethylamino diethylamino' 
dibutylamino. dioctylamino. N-methyl-N-hexylamino. dicyclohexylamino, diphenylamino and N-methyl-N-phenylamIno 
groups. M r J 

[0290] For R21 to R23, preferred are an alkyI group, an aryl group, an alkoxy group and an aryloxy group. From the 
viewpoint of the advantages of the first embodiment of the invention, it is preferable that at least one of R2i to R23 fe 
an alkyI group or an aryl group, and it is more desirable that at least two of them are any of an alkyI group and an aryl 
group. Even more preferably. R2i to R23 are the same as the compounds of the type are inexpensive. 
[0291] Specific examples of the compounds of fomiula (D) and other Hydrogen bonding type compounds usable In 
the first embodiment of the invention are mentioned below, to which, however, this embodiment is not limited 



(D-1) (D_2) 
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[0292] Apart from the above, other Hydrogen bonding type compounds such as those described in EP 1 09631 0 and 
IS in Japanese Patent Application Nos. 2000-270498 and 2001-124796 are also usable herein. 

[0293] Lilce the reducing agent mentioned above, the compound of fomnula (D) may be added to the coating liquid 
for the photothermographic material of the first embodiment of the invention, for example, In the fomi of its solution, 
emulsified dispersion or solid particle dispersion. In its solution, the compound of fonnula (D) may forni a hydrogen- 
bonding complex with a compound having a phenolic hydroxyl group or an amino group. Depending on the combination 
20 of the reducing agent and the compound of formula (D) for use herein, the complex may be isolated as its crystal. Thus 
isolated, the crystal powder may be formed into its solid particle dispersion, and the dispersion is especially preferred 
for use herein for stabilizing the photothemnographlc material of the first embodiment of the invention. As the case may 
be, the reducing agent and the compound of fomnula (D) may be mixed both in powder optionally along with a suitable 
dispersant added thereto in a sand grinder mill or the like to thereby fomi the intended complex in the resulting disper- 
25 sion. The method is also preferred in this embodiment. 

[0294] Preferably, the amount of the compound of fonnula (D) to be added to the reducing agent in this embodiment 
falls between 1 and 200 mol%, more preferably between 10 and 160 mol%, even more preferably between 30 and 1 00 
mor/o relative to the reducing agent. 



[0295] The photothermographic material of first embodiment of the invention contains a binder, and the binder is 
described below. 

[0296] The binder to be in the organic silver salt-containing layer in the first embodiment of the invention may be 
35 polymer of any type, but is preferably transparent or semitransparent and is generally colorless. For it, for example, 
preferred are natural resins, polymers and copolymers; synthetic resins, polymers and copolymers; and other film- 
fonning media. More concretely, they include, for example, gelatins, rubbers, poly(vinyl alcohols), hydroxyethyl cellu- 
loses, cellulose acetates, cellulose acetate butyrates, poly(vinylpyrrolidones), casein, starch, poty{acrylic acids), poly 
(methyl methacrylates), poly(vinyl chlorides), poly(methacrylic acids), styrene-maleic anhydride copolymers, styrene- 
40 acrylonitrile copolymers, styrene-butadiene copolymers, poly(vinylacetals) (e.g., poly(vinylfonnrial), poly(vinylbutyral)). 
poly{esters), poly(urethanes), phenoxy resins, poly(vinylidene chlorides), poly(epoxides), poly (carbonates), poly(vinyl 
acetates), poly(olefins), cellulose esters, and poly(amldes). The binder may be prepared from water or an organic 
solvent or an emulsion through microencapsulation. 

[0297] The glass transition point of the binder to be in the organic silver salt-containing layer in the first embodiment 
45 of the invention preferably falls between 10°C and 80°C (the binder of the type will be hereinafter referred to as a high- 
Tg binder), more preferably between IS'^C and 70*C, even more preferably between 25** C and 65" C. 
[0298] In this description, Tg is calculated according to the following equation: 



[0299] The polymer of which the glass transition point Tg is calculated as in the above comprises n's monomers 
copolymerized (i indicates the number of the monomers copolymerized, falling between 1 and n); Xi indicates the mass 
fraction of i'th monomer (ZXi = 1); Tgi indicates the glass transition point (in terms of the absolute temperature) of the 
55 homopolymer of i'th monomer alone; and £ indicates the sum total of i falling between 1 and n. For the glass transition 
point (Tgi) of the homopolymer of each monomer alone, referred to is the description in Polymer Handbook {3rd edition) 
(written by J. Brandrup, E. H. Immergut (Wiley-lnterscience, 1989)). 

[0300] One and the same polymer may be used for the binder, but, if desired, two or more different types of polymers 
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may be combined for it. For example, a polymer having a glass transition point of 20°C or higher and a polymer having 
a glass transition point of lower than 20*^0 may be combined. In case where at least two polymers that differ in Tg are 
blended for use. herein, it is desirable that the weight-average Tg of the resulting blend falls within the range defined 
as above. 

[0301] In the first embodiment of the Invention, it is desirable that the organic silver salt-containing layer is formed 
by applying a coating liquid, in which at least 30 % by weight of the solvent is water, onto the support followed by drying it. 
[0302] In case where the organic silver salt-containing layer in the first embodiment of the invention is formed by 
using such a coating liquid in which at least 30 % by weight of the solvent is water, followed by drying it, and in case 
where the binder in the organic silver salt-containing layer is soluble or dispersible in an aqueous solvent (watery 
solvent), especially when the binder in the organic silver salt-containing layer is a polymer latex that has an equilibrium 
water content at 25'*C and 60 % RH of at most 2 % by weight, the photothenmographic material having the layer of the 
type enjoys better properties. Most preferably, the binder for use in this embodiment is so designed that Its ionic con- 
ductivity Is at most 2.5 mS/cm, For preparing the binder of the type, for example, employable is a method of preparing 
a polymer for the binder followed by purifying it through a functional membrane for fractionation. 
[0303] The aqueous solvent in which the polymer binder is soluble or dispersible is water or a mixed solvent of water 
and at most 70 % by weight of a water-miscible organic solvent. 

[0304] The water-miscible organic solvent includes, for example, alcohols such as methyl alcohol, ethyl alcohol, 
propyl alcohol; cellosolves such as methyl cellosolve, ethyl cellosolve, butyl cellosolve; ethyl acetate, and dimethylfor- 
mamlde. 

[0305] The terminology "aqueous solvenf refen-ed to herein can apply also to polymer systems in which the polymer 
Is not thennodynamically dissolved but is seemingly dispersed. 

[0306] The "equilibrium water content at 25'C and 60 % RH" referred to herein for polymer latex is represented by 
the following equation, in which indicates the weight of a polymer in humidity-conditioned equilibrium at 25*'C and 
60 % RH, and Wq indicates the absolute dry weight of the polymer at 25**C. 

Equilibrium water content at 25°C and 60 % RH 
= {(W^ - WoVWo) X 1 00 (wt.%) 

[0307] For the details of the definition of water content and the method for measuring it, for example, referred to is 
Polymer Engineering, Lecture 14, Test Methods for Polymer Materials (by the Polymer Society of Japan, Chijin Shokan 
Publishing). 

[0308] Preferably, the equilibrium water content at 25*»C and 60 % RH of the binder polymer for use in the first 
embodiment of the invention is at most 2 % by weight, more preferably from 0.01 to 1.5 % by weight, even more 
preferably from 0.02 to 1 % by weight. 

[0309] Polymers that serve as the binder In the first embodiment of the invention are preferably dispersible in aqueous 
solvents. Polymer dispersions include, for example, a type of hydrophobic polymer latex with water-insoluble fine pol- 
ymer particles being dispersed, and a type of molecular or micellar polymer dispersion with polymer molecules or 
micelles being dispersed. Any of these may be employed herein, but preferred is polymer latex dispersion. 
[0310] The particles in the polymer dispersions may have a mean particle size falling between 1 and 50000 nm, but 
preferably between 5 and 1000 nm, more preferably between 10 and 500 nm. even more preferably between 60 and 
200 nm. The particle size distribution of the dispersed polymer particles is not specifically defined. For example, the 
dispersed polymer particles may have a broad particle size distribution, or may have a nan^ow particle size distribution 
of monodispersion. Combining two or more different types of mono-dispersed polymer particles both having a narrow 
particle size distribution is preferred for suitably controlling the physical properties of the coating liquids for use herein. 
[031 1 ] For the photothemiographic material of the first embodiment of the invention, favorably used are hydrophobic 
polymers that are dispersible In aqueous media. The hydrophobic polymers of the type include, for example, acrylic 
polymers, poly(esters), rubbers (e.g., SBR resins), poly(urethanes), poly(vinyl chlorides), poly(vinyl acetates), poly 
(vinylldene chlorides), and poty{olefins). These polymers may be linear, branched or crosslinked ones. They may be 
homopolymers from one type of monomer, or copolymers from two or more different types of monomers. The copoly- 
mers may be random copolymers or block copolymers. 

[0312] The polymers for use herein preferably have a number-average molecular weight falling between 5000 and 
1000000, more preferably between 10000 and 200000. Polymers having a too small molecular weight are unfavorable 
to the invention, since the mechanical strength of the emulsion layer comprising such a polymer is low; but others 
having a too large molecular weight are also unfavorable since their wori<ability into films is not good. Especially pre- 
ferred for use herein is crosslinked polymer latex, 

[031 3] Preferred examples of polymer latex for use herein are mentioned below, to which, however, the first embod- 
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iment of the invention is not limited. 

[0314] The following examples are expressed by the constituent monomers, in which each numeral parenthesized 
indicates the proportion, in terms of % by weight, of the monomer unit, and the molecular weight of each constituent 
monomer is in terms of the number-average molecular weight thereof. Polyfunctional monomers form a crosslinked 
5 structure in polymer latex comprising them, to which, therefore, the concept of molecular weight does not apply. The 
polymer latex of the type is referred to as "crosslinked", and the molecular weight of the constituent monomers Is 
omitted. Tg indicates the glass transition point of the polymer latex. 

P-1 : Latex of -MMA(70)-EA(27)-IVIAA(3)- (molecular weight 37000, Tg 61 ^'C) 
10 P-2: Latex of -MM A(70)-2EHA(20)-St(5)-AA(5)- (molecular weight 40000, Tg SQ'^C) 

P'3: Latex of -St(50)-Bu(47)-MMA(3)- (crosslinked, Tg -17°C) 

P-4: Latex of -St(68)-Bu{29)-AA(3)- (crosslinked, Tg 17"C) 

P-5: Latex of -St{71)-Bu(26)-AA(3)- (crosslinked, Tg 24^C) 

P-6: Latex of -St(70)-Bu(27)-IA(3)- (crosslinked) 
15 P-7: Latex of -St(76)-Bu(24)-AA(1)- (crosslinked, Tg 29«C) 

P-8: Latex of -St(60)-Bu(35)-DVB(3)-MAA(2)- (crosslinked) 

P-9: Latex of -St(70)-Bu(25)-DVB(2)-AA(3)- (crosslinked) 

P-10: Latex of -VC(50)-MMA(20)-EA(20)-AN-(5)-AA(5)- (molecular weight BOOOO) 

P-11 : Latex of -VDC(85)-MMA(5)-EA(5)-MAA(5)- (molecular weight 67000) 
20 p-1 2: Latex of -Et(90)-MAA(1 0)- (molecular weight 1 2000) 

P-1 3: Latex of -St(70)-2EHA(27)-AA(3)- (molecular weigh: 1 30000, Tg 43*C) 

P-1 4: Latex of-MMA(63)-EA(35)-AA(2)- (molecular weight 33000. Tg 47*0) 

P-1 5: Latex of -St(70.5)-Bu(26.5)-AA(3)- (crosslinked, Tg 23''C) 

P-1 6: Latex of -St(69.5)-Bu(27.5)-AA(3)- (crosslinked, Tg 20.5'C) 

25 

[031 5] Abbreviations of the constituent monomers are as follows: 

MMA: methyl methacrylate 

EA: ethyl acrylate 
30 MAA: methacrylic acid 

2 EH A: 2-ethylhexyl acrylate 

St: styrene 

Bu: butadiene 

AA: acrylic acid 
35 DVB: divinylbenzene 

VC: vinyl chloride 

AN: acrylonitrile 

VDC: vinylldene chloride 

Et: ethylene 
40 I A: itaconic acid 

[0316] The polymer latexes mentioned above are available on the market. Some commercial products employable 
herein are mentioned below. Examples of acrylic polymers are CEBIAN A-4635, 4718, 4601 (all from Daicel Chemical 
Industries), and Nipol Lx811 , 814, 821 , 820, 857 (all from Nippon Zeon); examples of poly(esters) are FINETEX ES650, 

45 611 , 675, 850 (all from Dai-Nippon Ink & Chemicals), and WD-size, WMS (both from Eastman Chemical); examples 
of poly(urethanes) are HYDRAN AP10, 20, 30, 40 (all from Dai-Nippon Ink & Chemicals); examples of rubbers are 
LACSTAR 7310K, 3307B, 4700H, 7132C (all from Dai-Nippon Ink & Chemicals), and Nipol Lx416. 410, 438C, 2507 
(all from Nippon Zeon); examples of poly(vinyl chlorides) are G351 , G576 (both from Nippon Zeon); examples of poly 
(vinylldene chlorides) are L502, L513 (both from Asahi Kasei); and examples of poly(olefins) are CHEMIPEARL SI 20, 

so SA100 (both from Mitsui Petrochemical). 

[0317] These polymer latexes may be used either singly or as combined in any desired manner. 
[0318] For the polymer latex for use in the first embodiment of the invention, especially preferred is styrene-butadiene 
copolymer latex. In the styrene-butadiene copolymer, the ratio of styrene monomer units to butadiene monomer units 
preferably falls between 40/60 and 95/5 by weight. Also preferably, the styrene monomer units and the butadiene 

55 monomer units account for from 60 to 99 % by weight of the copolymer. Still preferably, the polymer latex for use in 
the first embodiment of the invention contains from 1 to 6 % by weight, more preferably from 2 to 5 % by weight of 
acrylic acid or methacrylic acid relative to the sum of styrene and butadiene therein. Even more preferably, the polymer 
latex for use in the first embodiment of the Invention contains acrylic acid. 
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[0319] Preferred examples of the styrene-butadiene-acid copolymer latex for use in the first embodiment of the in- 
vention are the above-mentioned P-3 to P-8, and commercial products, LACSTAR-3307B, 7132C, and Nipol Lx41 6. 
[0320] The styrene-butadiene-acid copolymer latex of the type preferably has Tg falling between lO^C and 30*C. 
more preferably between 17**C and 25''C. 

[0321] The organic silver salt-containing layer of the photothenmographic material of the first embodiment of the 
invention may optionally contain a hydrophilic polymer such as gelatin, polyvinyl alcohol, methyl cellulose, hydroxy- 
propyl cellulose or carboxymethyl cellulose. The amount of the hydrophilic polymer that may be In the layer is preferably 
at most 30 % by weight, more preferably at most 20 % by weight of all the binder in the organic sitver salt-containing layer. 
[0322] Preferably, the polymer latex as above is used in fomning the organic silver salt-containing layer (that is, the 
image-forming layer) of the photothennographic material of the first embodiment of the invention. Concretely, the 
amount of the binder in the organic silver salt-containing layer Is such that the ratio by weight of total binder/organic 
silver salt falls between 1/1 0 and 1 0/1 . more preferably between 1/3 and 5/1 , even more preferably between 1 /1 and 3/1 . 
[0323] The organic silver salt-containing layer is a photosensitive layer (emulsion layer) generally containing a pho- 
tosensitive silver salt, that is, a photosensitive silver halide. In the layer, the ratio by weight of total binder/silver halide 
preferably falls between 5 and 400, more preferably between 1 0 and 200. 

[0324] The overall amount of the binder in the image-fomning layer of the photothermographic material of the first 
embodiment of the invention preferably falls between 0.2 and 30 g/m^, more preferably between 1 and 16 g/m2, even 
more preferably between 2 and 1 0g/m^. The image-forming layer in this embodimentmay optionally contain a crosslink- 
ing agent, and a surfactant which is for improving the coatability of the coating liquid for the layer. 

<Solvent Preterred for Coating Uquid> 

[0325] Preferably, the solvent for the coating liquid for the organic silver salt-containing layer of the photothenno- 
graphic material of the first embodiment of the invention Is an aqueous solvent that contains at least 30 % by weight 
of water. The solvent referred to herein is meant to indicate both solvent and dispersion medium for simple expression. 
[0326] Except water, the other components of the aqueous solvent may be any organic solvents that are miscible 
with water, including, for example, methyl alcohol, ethyl alcohol, isopropyl alcohol, methyl cellosolve. ethyl cellosolve, 
dimethylfomriamide, ethyl acetate. The water content of the solvent for the coating liquid is preferably at least 50 % by 
weight, more preferably at least 70 % by weight. 

[0327] Prefenred examples of the soh/ent composition are water alone, water/methyl alcohol = 90/1 0, water/methyl 
alcohol = 70/30, water/methyl alcohol/dimethylfomnamide = 80/15/5, water/methyl alcohol/ethyl cellosolve = 85/10/5, 
water/methyl alcohol/lsopropyl alcohol = 85/1 0/5. The ratio is by weight. 

<Antifoggant and Others> 

[0328] Antifoggants usable in the first embodiment of the invention are described. 

[0329] For the antifoggants, stabilizers and stabilizer precursors employable in this embodiment, referred to are the 
compounds in JP-A 10-62899, paragraph [0070]; EP Laid-Open 0803764A1 , from page 20, line 57 to page 21 , line 7; 
JP-A 9-281637, 9-329864, and also referred to are the compounds in USP 6,083,681 , 6,083,681 , and EP 1048975. 
[0330] Antifoggants preferred for use in the first embodiment of the invention are organic halides. These are de- 
scribed, for example, in JP-A 11-65021, paragraphs [0111] to [0112]. Especially preferred are organic halogen com- 
pounds of fonnula (P) in JP-A 2000-284399; organic polyhalogen compounds of fomiula (II) in JP-A 10-339934; and 
organic polyhalogen compounds in JP-A 2001-31644 and 2001-33911 . 

[0331] Organic polyhalogen compounds preferred for use in the first embodiment of the invention are described 
concretely. Preferably, the polyhalogen compounds for use in the first embodiment of the invention are represented by 
the following general formula (H): 

General Fonnula (H) Q-(Y)n-C(Zi )(Z2)X 

wherein Q represents an alkyl, aryl or heterocyclic group; Y represents a divalent linking group; n indicates 0 or 1 ; 2^ 
and Z2 each represent a halogen atom; and X represents a hydrogen atom or an electron-attracting group. 
[0332] In formula (H), Q is preferably a phenyl group substituted with an electron-attracting group having a positive 
Hammetfs substituent constant Op. For the Hammett's substiluent constant, refen-ed to is, for example, Journal of 
Medicinal Chemistry, 1973, Vol. 16, No. 11, 1207-1216. 

[0333] Examples of the electron-attracting group of the type are a halogen atom (fluorine atom with Op of 0.06, 
chlorine atom with Op of 0.23, bromine atom with Op of 0.23, iodine atom with Op of 0.18). a trihalomethyl group (tribro- 
momethyl with Op of 0.29, trichloromethyl with Op of 0.33, trifluoromethyl with Op of 0.54), a cyano group (with Op of 
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0.66), a nitro group (with Op of 0.78), an aliphatic, aryl or heterocyclic sulfonyl group (e.g.. methanesulfonyl with Op of 
0.72), an aliphatic, aryl or heterocyclic acyl group (e.g., acetyl with Op of 0.50, benzoyl with Op of 0.43), an alkynyl group 
(e.g., CsCH with Op of 0.23), an aliphatic, aryl or heterocyclic oxycarbonyl group (e.g., methoxycarbonyl with Op of 
0.45. phenoxycarbonyl with Op of 0.44). a carbamoyl group (with Op of 0.36), a sulfamoyi group (with Op of 0.57), a 
sulfoxide group, a heterocyclic group, and a phosphoryl group. The Op value of the electron-attracting group preferably 
falls between 0.2 and 2.0, more preferably between 0.4 and 1.0. 

[0334] Of the preferred examples of the electron -attracting group mentioned above, more preferred are a carbamoyl 
group, an alkoxycarbonyl group, an alkylsulfonyt group and an alkylphosphoryl group, and most prefen^ed is a carbamoyl 
group. 

[0335] In fomnula (H), X Is preferably an electron-attracting group, more preferably a halogen atom, an aliphatic, aryl 
or heterocyclic sulfonyl group, an aliphatic, aryl or heterocyclic acyl group, an aliphatic, aryl or heterocyclic oxycarbonyl 
group, a carbamoyl group, or a sulfamoyi group. Even more preferably, It Is a halogen atom. For the halogen atom for 
X, preferred are chlorine, bromine and Iodine atoms, more preferred are chlorine and bromine atoms, and even more 

preferred is a bromine atom. 

[0336] In formula (H). Y is preferably -C(=0)-, -SO- or -SOg-, more preferably -C(=0)- or -SO2-. even more preferably 
-SO2-. n is 0 or 1 , but preferably 1 . 

[0337] Specific examples of the compounds of fomiula (H) for use in the first embodiment of the invention are men- 
tioned below. 






59 



EP 1 308 776 A2 



J* CON(C2H5)2 S02N(C4H9)2 
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10 



IS 




H-22 H-23 

25 




•SOaCBra 



H-24 



35 [0338] Preferably, the amount of the compound of formula (H) to be in the photothemnographic material of the first 
embodiment of the invention falls between 1 x 10-* and 0.5 mols, more preferably between 10'^ and 0.1 mols, even 
more preferably between 5x10"^ and 0.05 mols per mol of the non-photosensitive silver salt in the image-forming 
layer of the material. 

[0339] The antifoggant may be incorporated into the photothennnographic material of the first embodiment of the 
40 invention in the same manner as that mentioned hereinabove for incorporating the reducing agent thereinto. Preferably, 
the organic polyhalogen compound is in the form of a fine solid particle dispersion when it is incorporated into the 
material. 

<Other Antifoggant$> 

45 

[0340] Other antifoggants usable herein are mercury(ll) salts as in JP-A 11-65021 , paragraph [0113]; benzoic acids 
as in JP-A 11-65021, paragraph [0114]; salicylic acid derivatives as in JP-A 2000-206642; formalin scavenger com- 
pounds of formula (S) in JP-A 2000-221634; triazine compounds claimed in claim 9 In JP-A 11-352624; compounds 
of formula (III) in JP-A 6-11791; and 4-hydroxy-6-methyl-1,3.3a,7-tetra2aindene. 

so [0341] The photothennographic material of the first embodiment of the invention may also contain an azotium salt 
serving as an antifoggant. The azollum salt includes, for example, compounds of fomriula (XI) in JP-A 59-193447, 
compounds as in JP-B 55-12581 , and compounds of fonnula (II) in JP-A 60-153039. The azolium salt may be present 
in any site of the photothermographic material, but Is preferably in a layer adjacent to the photosensitive layer In the 
material. More preferably, it is added to the organic silver salt-containing layer of the material. 

55 [0342] Regarding the time at which the azolium salt is added to the material, it may be added to the coating liquid 
at any stage of preparing the liquid. In case where it is to be present in the organic silver salt-containing layer, the 
azolium salt may be added to any of the reaction system to prepare the organic silver salt or the reaction system to 
prepare the coating liquid at any stage of preparing them. Preferably, however, it is added to the coating liquid after 
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the stage of preparing the organic silver salt and just before the stage of coating the liquid. The azolium salt to be 
added may be in any form of powder, solution or fine particle dispersion. It may be added along with other additives 
such as sensitizing dye, reducing agent and toning agent, for example, in the form of their solution. 
[0343] The amount of the azolium salt to be added to the photothermographic material of the first embodiment of 
the invention Is not specifically defined, but preferably falls between 1 x 1 0*6 mols and 2 mols. more preferably between 
1 XI 0*3 mols and 0.5 mols per mol of silver in the material. 



<Other Additives> 



«Mercapto, Disulfide and Thione Compounds» 



[0344] The photothennographic material of the first embodiment of the Invention may optionally contain any of mer- 
capto compounds, disulfide compounds and thione compounds which are for retarding, promoting or controlling the 
developability of the material, or for enhancing the spectral sensitivity thereof, or for improving the storage stability 
thereof before and after development. For the additive compounds, for example, referred to are JP-A 1 0-62899 par- 
agraphs [0067] to [0069]; compounds of formula (I) in JP-A 10-186572, and their examples in paragraphs [0033] to 
[0052]; and EP Laid-Open 0803764A1 . page 20, lines 36 to 56. Above all. preferred are mercapto-substituted heter- 
oaromatic compounds such as those In JP-A 9-297367. 9-304875. 2001-100358. and in Japanese Patent Application 
Nos. 2001 -1 0421 3 and 2001 -1 0421 4. 



«Toning Agent» 



[0345] Adding a toning agent to the photothermographic material of the first embodiment of the invention is preferred. 
Examples of the toning agent usable herein are described in JP-A 10-62899, paragraphs [0054] to [0055], EP Laid- 
Open 0803764A1 , page 21 . lines 23 to 48; and JP-A 2000-35631 7; and Japanese Patent Application No, 2000-1 87298 
Especially preferred for use herein are phthalazinones (phthalazinone. phthalazinone derivatives and their metal salts, 
e.g., 4-(1-naphthyl)phthalazinone. 6-chlorophthalazlnone, 5.7-dimethoxyphthalazinone, 2.3-dihydro-1 ,4-phthatazine- 
dione); combinations of phthalazinones and phthalic acids (e.g.. phthalic acid. 4-methylphthalic acid. 4-nltrophthalic 
acfd, diammonlum phthalate. sodium phthalate, potassium phthalate. tetrachlorophthalic anhydride): phlhalazines 
(phthalazine, phthalazine derivatives and their salts, e.g., 4-(1-naphthyl)phthala2ine. 6-isopropylphthala2ine B-tert- 
butylphthalazine. 6-chlorophthalazine. 5.7-dimethoxyphthalazine. 2.3-dihydrophthala2ine); combinations of phthala- 
zines and phthalic acids. More prefen-ed are combinations of phthalazines and phthalic acids. Above all. especially 
prefered are a combination of B-isopropylphthalazine and phthalic acid or 4-methylphthalic acid. 

«Plasticizer, Lubricant» 



[0346] Plasticizers and lubricants that may be in the photosensitive layer of the photothermographic material of the 
first embodiment of the invention are described in, for example. JP-A 11-65021. paragraph [0117]. Lubricants that may 
be in the layer are also described in JP-A 11-84573, paragraphs [0061] to [0064]. and JP-A 11-106881 paragraphs 
[0049] to [0062]. ^ 



«Dye, Pigment» 



[0347] The photosensitive layer in the first embodiment of the invention may contain various types of dyes and pig- 
ments (e.g.. C.I. Pigment Blue 60. C.I. Pigment Blue 64, C.l. Pigment Blue 15:6) for improving the image tone for 
preventing interference fringes during laser exposure, and for preventing irradiation. The details of such dyes and 
pigments are described in. for example, W098/36322, and JP-A 10-268465 and 11-338098. 



«Super-hardenef» 



[0348] For forming super-hard images suitable to printing plates, a super-hardener is preferably added to the image- 
forming layer of the photothemiographic material. For such super- hardeners for forming super-hard images, methods 
of using them, and their amounts applicable to the invention, for example, referred to are JP-A 11-65021 , paragraph 
[0118]: JP-A 11-223898. paragraphs [0136] to [0193]: compounds of fomnula (H). those of formulae (1) to (3) and those 
of formulae (A) and (B) in JP-A 2000-284399; compounds of formulae (Hi) to (V) in Japanese Patent Application No 
11-91652, especially concrete compounds in [Formula 21] to [Fomnula 24] therein. For hardening promoters also ap- 
plicable to the invention, refen-ed to are JP-A 1 1 -65021 , paragraph [01 02]; and JP-A 1 1 -223898. paragraphs [01 94] to 
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[0349] In case where formic acid or its salt is used for a strong foggant in the invention, it may be added to the 
photosensitive silver hallde-containing, Image-fomiing layer of the material, and its amount is preferably at most 5 
mmols, more preferably at most 1 mmol per mol of silver in the layer. 

[0350] In case v\^here a super-hardener is used in the photothermographic material of the first embodiment of the 
5 invention, it is preferably combined with an acid fomied through hydration of diphosphorus pentoxide or its salt. 

[0351] The acid to be formed through hydration of diphosphorus pentoxide and its salts Include, for example, met- 

aphosphoric acid (and its salts), pyrophosphoric acid (and its salts), orlhophosphoric acid (and its salts), triphosphoric 

acid (and Its salts), tetraphosphoric acid (and its salts), and hexametaphosphoric acid (and its salts). 

[0352] For the acid to be formed through hydration of diphosphorus pentoxide and its salts, preferred for use herein 
to are orthophosphoric acid (and its salts), and hexametaphosphoric acid (and its salts). 

[0353] Concretely, their salts are sodium orthophosphate, sodium dihydrogen-orthophosphate, sodium hexameta- 

phosphate, and ammonium hexametaphosphate. 

[0354] The amount of the acid to be formed through hydration of diphosphorus pentoxide or its salt to be used herein 
(that is, the amount thereof to be in the unit area, one m^, of the photothermographic material) may be any desired 
ts one and may be defined in any desired manner depending on the sensitivity, the fogging resistance and other properties 
of the material. Preferably, however, It falls between 0.1 and 500 mg/m^, more preferably between 0.5 and 1 00 mg/m^. 

«Preparatfon of Coating Uquid» 

20 [0355] In the first embodiment of the invention, the coating liquid for the image-fomiing layer is prepared preferably 
at a temperature falling between 30*'C and 65°C, more preferably between 35°C and lower than 60°C, even more 
preferably between 35°C and 56°C. Also preferably, the coating liquid for the image-forming layer Is kept at a temper- 
ature falling between SO^'C and 65°C just after addition of polymer latex thereto. 

25 <Layer Constitution> 

[0356] One or more image-fomriing layers are fonned on one support to produce the photothermographic material 
of the first embodiment of the invention. In case where the material has one image-forming layer, the layer must contain 
an organic silver salt, a photosensitive silver halide, a reducing agent and a binder, and may contain optional additives 
30 such as a toning agent, a coating aid and other auxiliary agents. In case where the material has two or more image- 
forming layers, the first image-fomning layer (in general, this is directly adjacent to the support) must contain an organic 
silver salt and a photosensitive silver halide, and the second image-fonning layer or the two layers must contain the 
other ingredients. 

[0357] The photothermographic material for multi-color expression of the invention may have combinations of these 
35 two layers for the respective colors, or may contain all the necessary ingredients in a single layer, for example, as in 
USP 4,708,928. For the photothemriographic material of a type containing multiple dyes for multi-color expression, the 
Individual emulsion layers are differentiated and spaced from the others via a functional or non-functional barrier layer 
between the adjacent emulsion layers, for example, as in USP 4,460,681 . 

[0358] In general, the photothemnographic material has non-photosensitive layers In addition to photosensitive lay- 
40 ers. Depending on their positions, the non-photosensitive layers are classified into (1) a protective layer to be disposed 
on a photosensitive layer (remoter from the support than the photosensitive layer); (2) an tnterlayer to be disposed 
between adjacent photosensitive layers or between a photosensitive layer and a protective layer; (3) an undercoat 
layer to be disposed between a photosensitive layer and a support; (4) a back layer to be disposed on a support 
opposite to a photosensitive layer. The layers (1) and (2) are filter layers that are in the photothermographic material. 
45 The layers (3) and (4) are antihalation layers in the material. 

«Surface Protective Layer» 

[0359] The photothemiographic material of the first embodiment of the invention may have a surface protective layer 
50 for preventing the image-forming layer from being blocked. The surface protective layer may have a single-layered or 
multi-layered structure. The details of the surface protective layer are described, for example, in JP-A 11 -65021 , par- 
agraphs [0119) to [0120], and in Japanese Patent Application No. 2000-171936. 

[0360] Gelatin is preferred for the binder in the surface protective layer in the first embodiment of the invention, but 
for it, polyvinyl alcohol (PVA) is also usable alone or combined with gelatin. Gelatin for use herein may be inert gelatin 
55 (e.g., Nitta Gelatin 750), or gelatin phthallde (e.g., Nitta Gelatin 801). 

[0361] Examples of PVA usable herein are described in, for example, JP-A 2000-171936. paragraphs [0009] to 
[0020). Preferred example of PVA for use herein are completely saponified PVA-105; partially saponified PVA-205, 
PVA-355; and modified polyvinyl alcohol, MP-203 (all commercial products of Kuraray). The polyvinyl alcohol content 
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(per m2 of the support) of one protective layer preferably falls between 0.3 and 4.0 g/m^, more preferably between 0.3 
and 2.0 g/m2 

[0362] In case where the photothermographic material of the first embodiment of the Invention is used in the field of 
printing that require high-level dimensional stability, it is desirable to use a polymer latex in the surface protective layer 
or the back layer of the material. 

[0363] The polymer latex for that purpose is described In, for example. Synthetic Resin Emulsions (by Taira Okuda 
& HIroshi Inagaki. the Polymer Publishing Association of Japan, 1 978); Applications of Synthetic Latexes (by Takaaki 
Suglmura. Yasuo Kataoka, Sohichi Suzuki & Keljl Kasahara, the Polymer Publishing Association of Japan, 1 993); and 
Chemistry of Synthetic Latexes (by Sohichi Muroi, the Polymer Publishing Association of Japan, 1970). Concretely, it 
Includes, for example, methyl methacrylate (33.5 wt.%)/ethyl acrylate (50 wt.%)/methacrylic acid (1 6.5 wt.%) copolymer 
latex; methyl methacrylate (47.5 wt.%)/butadiene (47.5 wt.%)/itaconic acid (5 wt.%) copolymer latex; ethyl acrylate/ 
methacrylic acid copolymer latex; methyl methacrylate (58.9 wt.%)/2-ethylhexyl acrylate (25.4 wt.%)/styrene (8.6 wt. 
%)/2-hydroxyethyI methacrylate (5.1 wt.%)/acrylic acid (2.0 wt.%) copolymer latex; and methyl methacrylate (64.0 wt. 
%)/styrene (9.0 wt.%)/butyl acrylate (20.0 wt.%)/2-hydroxyethyl methacrylate (5.0 wt.%)/acryllc acid (2.0 wt.%) copol- 
ymer latex. 

[0364] To the binder for the surface protective layer in this embodiment, for example, applicable are the polymer 
latex combinations as In Japanese Patent Application No. 11-6872; the techniques as in Japanese Patent Application 
No. 11-143058, paragraphs [0021] to [0025]; the techniques as In Japanese Patent Application No. 11-6872, para- 
graphs [0027] to [0028]; and the techniques as in Japanese Patent Application No. 10-199626 paragraphs [00231 to 
[0041]. 

[0365] The ratio of the polymer latex in the surface protective layer preferably falls between 1 0 % by weight and 90 
% by weight, more preferably between 20 % by weight and 80 % by weight of all the binder in the layer. 
[0366] The overall binder content (including water-soluble polymer and latex polymer, per m2 of the support) of one 
protective layer preferably falls between 0.3 and 5,0 gfrr^, more preferably between 0.3 and 2.0 g/m2, 

«Antihalation Layer» 

[0367] Preferably, the photothermographic material of the first embodiment of the Invention has an antihalation layer 
remoter from the light source to which it is exposed than its photosensitive layer. 

[0368] The details of the antihalation layer are described in, for example, JP-A 1 1 -65021 , paragraphs [01 23] to [01 24]* 
JP-A 11-223898. 9-230531. 10-36695, 10-104779, 11-231457, 11-352625, 11-352626. 

[0369] The antihalation layer contains an antihalation dye capable of absoriaing the light to which the photothermo- 
graphic material Is exposed. In this embodiment, the photothennographic material Is exposed to laser rays having a 
peak wavelength range of from 350 nm to 440 nm. Therefore, it is desirable that the antihalation dye to be in the 
antihalation layer of the material may absorij the light falling within that wavelength range. 

[0370] In case where visible light-absortDing dyes are used for antihalation in this embodiment, It Is desirable that the 
dyes used are substantially decolored after image fonnation on the material, for which, for example, usable are de- 
coloring agents that have the ability to decolor the dyes when heated In the step of thermal development. Preferably, 
a thermal decoloring dye and a base precursor are added to the non-photosensitive layers so that the layers containing 
them may function as antihalation layers. The details of this technique are described In. for example, JP-A 1 1 -231 457. 
[0371] The amount of the decoloring dye to be added shall be determined, depending on the use of the dye. In 
general, its amount Is so determined that the dye added could ensure an optical density (absorbance), measured at 
an Intended wavelength, of larger than 1.0. The optical density preferably falls between 0.15 and 2, more preferably 
between 0.2 and 1. The amount of the dye capable of ensuring the optical density falling within the range may be 
generally from 0,001 to 1 g/m2 or so. 

[0372] Decoloring the dyes in the photothennographic material in that manner can lower the optical density of the 
material to 0.1 or less after themial development. Two or more different types of decoloring dyes may be in the ther- 
modecoloring recording material or the photothermographic material. Similarly, two or more different types of base 
precursors may be in the material. 

[0373] In the thermodecoloring material of the type that contains a decoloring dye and a base precursor, it Is desirable 
in view of the themiodecoloring ability of the material that the base precursor therein Is combined with a substance 
which, when mixed with the base precursor, can lower the melting point of the mixture by at most 3'»C (e.g., diphenyl 
sulfone, 4-chlorophenyl(phenyl) sulfone, 2-naphtyl benzoate), for example, as in JP-A 1 1-352626. 

«Back Layer» 

[0374] For the details of the back layer applicable to the first embodiment of the invention, referred to is JP-A 
1 1 -65021 , paragraphs [01 28] to (01 30]. 
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[0375] In the first embodiment of the invention, a coloring agent that has an absorption maximum in the range falling 
between 300 and 450 nm may be added to the photothermographic material for improving the silver tone and the image 
stability of the material. The coloring agent is described In, for example, JP-A 62-210458, 63-104046, 63-1003235, 
63-208846, 63-306436, 63-314535, 01-61745. and Japanese Patent Application No. 11-276751. 
5 [0376] In general, the amount of the coloring agent to be added to the material falls between 0.1 mg/m^ and 1 g/m2 
Preferably, it is added to the back layer that is opposite to the photosensitive layer of the material. 
[0377] Preferably, the photothennographic material of the first embodiment of the invention has, on one surface of 
its support, at least one photosensitive layer that contains a photosensitive silver halide emulsion, and has a back layer 
on the other surface thereof. This is referred to as a single-sided photothermographic material. 

10 

«Matting Ageni» 

[0378] Also preferably, the photothermographic material of the first embodiment of the invention contains a matting 
agent which is for improving the transferability of the material. Matting agents are described in JP-A 11-65021, para- 
's graphs [0126] to [0127]. The amount of the matting agent to be added to the photothermographic material preferably 
falls between 1 and 400 mg/m^, more preferably between 5 and 300 mg/m2 of the material, 
[0379] Regarding its morphology, the matting agent to be used In the first embodiment of the Invention may be shaped 
or amorphous, but Is preferably shaped. More preferably, it is spherical. The mean grain size of the spherical matting 
agent preferably falls between 0.5 and 1 0 ^m, more preferably between 1 .0 and 8.0 jim, even more preferably between 
20 2.0 and 6.0 p.m. The size distribution fluctuation coefficient thereof is preferably at most 50 %, more preferably at most 
40 %, even more preferably at most 30 %. The fluctuation coefficient is represented by (grain size standard deviation) 
/(mean grain size) x 1 00. Combining two different types of matting agents both having a small size distribution fluctu- 
ation coefficient is preferred for use in this embodiment. Concretely, the ratio of the mean grain size of the two matting 
agents combined is larger than 3. 
25 [0380] The degree to which the emulsion surface of the photothermographic material of this embodiment is matted 
Is not specifically defined, so far as the matted layer surface Is free from star dust trouble, but is preferably such that 
the Beck's smoothness of the matted surface could fall between 30 seconds and 2000 seconds, more preferably be- 
tween 40 seconds and 1500 seconds. The Beck's smoothness is readily obtained according to JIS P8119 (method of 
testing surface smoothness of paper and paper boards with Beck tester), and to TAPPI Standard T479. 
30 [0381] Regarding the matting degree of the back layer of the photothermographic material of the first embodiment 
of the invention, the Beck's smoothness of the matted back layer preferably falls between 10 seconds and 1200 sec- 
onds, more preferably between 20 seconds and 800 seconds, even more preferably between 40 seconds and 500 
seconds. 

[0382] Preferably, the photothermographic material of the first embodiment of the invention contains such a matting 
35 agent in the outemnost surface layer, or in a layer functioning as an outemriost surface layer, or in a layer nearer to the 
outermost surface. Also preferably, it may contain a matting agent in a layer functioning as a protective layer. 

«pH of Film Surface» 

40 [0383] Also preferably, the surface of the photothermographic material of the first embodiment of the invention has 
a pH of at most 7.0, more preferably at most 6.6, before developed under heat. The lowermost limit of the pH is not 
specifically defined, but may be at least 3 or so. Most preferably, the pH range falls between 4 and 6.2. 
[0384] For controlling the surface pH of the photothermographic material, employable are nonvolatile acids, for ex- 
ample, organic acids such as phthallc acid derivatives, or sulfuric acid, or nonvolatile bases such as ammonia. These 

<5 are preferred as effective for reducing the surface pH of the material. Especially preferred for the surface pH-lowering 
agent is ammonia, as it is highly volatile, and therefore can be readily removed while the coating liquids containing it 
are coated and surely before thermal development. 

[0385] Also preferred is combining ammonia with a nonvolatile base such as sodium hydroxide, potassium hydroxide 
or lithium hydroxide. For measuring the surface pH of the photothenmographic material, referred to Is the description 
50 in Japanese Patent Application No. 11-87297. paragraph [0123]. 

«Hardening Agent» 

[0386] A hardening agent may be added to the photosensitive layer, the protective layer, the back layer and other 
55 layers constituting the photothermographic material of the first embodiment of the invention. The details of the hardening 
agent applicable to the invention are described in T.H. James' The Theory of the Photographic Process, 4th Ed. (Mac- 
mlllan Publishing Co., Inc.. 1977), pp. 77-87. For example, preferred for use herein are chromium alum, 2,4-dichloro- 
6-hydroxy-s-triazine sodium salt. N,N-ethylenebls(vlnylsulfonacetamlde), N,N-propylenebis(vlnylsulfonacetamide); as 
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well as polyvalent metal ions described on page 78 of that reference; polyisocyanates described in USP 4,281.060 
and JP-A 6-208193; epoxy compounds described in USP 4,791,042; and vinylsulfone compounds described in jp-A 
62-89048. 

[0387] The hardening agent is added to the coating liquids in the fomri of its solution. The time at which the solution 
Is added to the coating liquid for the protective layer may fall between 1 80 minutes before coating the liquid and a time 
just before the coating, preferably between 60 minutes before the coating and 10 seconds before it. However, there is 
no specific limitation thereon, so far as the method and the condition employed for adding the hardening agent to the 
coating liquid ensure the advantages of the first embodiment of the invention. 

[0388] Concretely for adding it, employable is a method of mixing a hardening agent with a coating liquid in a tanl< 
in such a controlled manner that the mean residence time for the agent as calculated from the amount of the agent 
added and the flow rate of the coating liquid to a coater could be a predetemilned period of time; or a method of mixing 
them with a static mixer, for example, as in N. Harunby. M. E Edwards & A. W. Nienow's Uquid Mixing Technology, 
Chap. 8 (translated by Koji TakahasI, published by Nikkan Kogyo Shinbun, 1 989). 

«Surfactants» 

[0389] Surfactants applicable to the photothennographic material of the first embodiment of the invention are de- 
scribed in JP-A 11-65021 , paragraph [0132]. 

[0390] In the first embodiment of the Invention, preferably used are fluorine-containing surfactants. Examples of 
fluorine-containing surfactants are given, for example, in JP-A 10-197985, 2000-19680 and 2000-214554. Also pre- 
ferred for use herein are fluorine-containing polymer surfactants such as those in JP-A 9-281636. In the first embodi- 
ment of the invention, especially preferred are fluorine-containing surfactants described in Japanese Patent Application 
No. 2000-206560. 

[0391 ] Solvents applicable to the first embodiment of the invention are described in JP-A 1 1 -65021 , paragraph [0 1 33]; 
supports applicable thereto are in the same but In paragraph [0134]; antistatic and electroconductive layers applicable 
thereto are in the same but in paragraph [0135]; methods of forming color images applicable thereto are in the same 
but in paragraph [01 36]; lubricants applicable thereto are in JP-A 1 1 -84573. paragraphs [0061] to [0064] and in Japa- 
nese Patent Application No. 11-106881, paragraphs [0049] to [0062J. 

«Electroconductive Layer» 

[0392] Preferably, the photothermographic material of the first embodiment of the Invention has an electroconductive 
layer with a metal oxide therein. For the electroconductive material for the electroconductive layer, preferred are metal 
oxides which are specifically so processed that they have oxygen defects and/or different metal atoms introduced 
thereinto to increase their electroconductivity. 

[0393] Preferred examples of the metal oxides are ZnO. TiOg and SnOg. To ZnO, preferably added Is any of Al or 
In; to SnOg, any of Sb, Nb, P or halogen elements; and TiOg. any of Nb or Ta. Especially preferred Is SnOo with Sb 
added thereto. 

[0394] Preferably, the amount of the different atom to be added to the metal oxide falls between 0.01 and 30 mol%, 
more preferably between 0.1 and 10 mol%. Regarding their morphology, the metal oxides may be spherical, acicular 
or tabular, but they are preferably acicular grains having a ratio of major axis/hainor axis of at least 2.0, more preferably 
from 3.0 to 50 as their electroconductivity is high. 

[0395] The amount of the metal oxide to be in the layer preferably falls between 1 mg/m2 and 1000 mg/m2, more 
preferably between 10 mg/m2 and 500 mg/m2, even more preferably between 20 mg/m2 and 200 mg/m2. In the first 
embodiment of the invention, the electroconductive layer may be fomied on any side of emulsion-coated face or back 
face, but is preferably fomied between the support and the back layer. Specific examples of the electroconductive layer 
applicable to the first embodiment of the Invention are described in, for example, JP-A 7-2951 46 and 1 1 -223901 . 

«Suppon» 

[0396] Various supports are employable in the photothennographic material of the first embodiment of the invention. 
They include, for example, polyesters such as polyethylene terephthalate (PET), polyethylene naphthalate; cellulose 
nitrate, cellulose esters, polyvinyl acetal, syndiotactic polystyrene, polycariDonates; and paper of which both surfaces 
are coated with polyethylene. 

[0397] Preferably, the support of the photothennographic material of this embodiment is undercoated, for example, 
with a water-soluble polyester as in JP-A 1 1 -84574; a styrene-butadiene copolymer as in JP-A 1 0-1 86565; or a vinyli- 
dene chloride copolymer as in JP-A 2000-39684 or In Japanese Patent Application No. 1 1-1 06881 , paragraphs [00631 
to [0080]. 
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[0398] For the transparent supports for the photothermographic material, preferred are biaxially-stretched films of 
polyesters, especially polyethylene terephthalate heated at a temperature falling between 130 and 185''C. The heat 
treatment Is for removing the Internal strain that may remain In the biaxially-stretched films and for preventing the film 
supports from being thermally shrunk during thermal development of the material. In case where the photothermo- 
5 graphic material is for medical treatment, the transparent support for it may be colored with a blue dye (for example, 
with Dye-1 used in the examples in JP-A 8-240877), or may not be colored. 

[0399] For the antistatic layer and the undercoat layer to be formed in the photothermographic material of the first 
embodiment of the invention, for example, referred to are the techniques disclosed in JP-A 56-143430. 56-143431, 
58-62646, 66-1 205 19,11 -84573. paragraphs [0040] to [0051]; USP 5,575.957; and JP-A 1 1 -223898, paragraphs [0078] 
10 to [0084]. 

[0400] Preferably, the photothemiographic material is of a monosheet type. The monosheet type does not require 
any additional sheet to receive images thereon, but may directly fonn images on itself. 

«Other Additives» 

15 

[0401] The photothemnographic material may optionally contain an antioxidant, a stabilizer, a plasticlzer, a UV ab- 
sorbent or a coating aid. Such additives may be in any of the photosensitive layers or the non-photosensitive layers 
of the material. For the additives, for example, referred to are W098/36322, EP 803764A1, JP-A 10-186567 and 
10-18568. 

20 

<Fabrication of Photothermographic Material> 

[0402] To fabricate the photothermographic material of the first embodiment of the Invention, the coating liquids may 
be applied onto a support In any desired manner. Concretely, various types of coating techniques are employable 

25 herein, including, for example, extrusion coating, slide coating, curtain coating, dipping, kniie coating, and flow coating. 
Various types of hoppers for extrusion coating employable herein are described in USP 2,681 ,294. Prefen^ed for the 
photothermographic material is extrusion coating or slide coating described in Stephen F. Kistler & Petert M. Schweiz- 
er*s Liquid Film Coatirig (Chapman & Hall, 1997), pp. 399-536. More prefen'ed is slide coating. One example of the 
shape of a slide coater for slide coating is in Figure 1 1 b-1 , on page 427 of that reference. If desired, two or more layers 

30 may be fomried at the same time, for example, according to the methods described from page 399 to page 536 of that 
reference, or to the methods described in USP 2,761 ,791 and BP 837,095. 

[0403] Preferably, the coating liquid for the organic silver salt-containing layer In the first embodiment of the invention 
is a thixotropic flow. For it, referred to is the technique described in JP-A 11-52509. 

[0404] Preferably, the coating liquid for the organic silver salt-containing layer in the first embodiment of the invention 
35 has a viscosity falling between 400 mPas and 1 00,000 mPas, more preferably between 500 mPa-s and 20,000 mPa-s, 
at a shear rate of 0.1 sec''. Also preferably, the viscosity falls between 1 mPa-s and 200 mPa-s, more preferably 
between 5 mPa s and 80 mPa-s, at a shear rate of 1000 sec'V 

[0405] Other techniques applicable to the photothemiographic material of the first embodiment of the invention are, 
for example, in EP 803764A1 , EP 883022A1 , W098/36322; JP-A 56-62648, 58-62644, 9-43766, 9-281 637. 9-297367, 
40 9-304869, 9-311405, 9-329865. 10-10669. 10-62899, 10-69023. 10-186568, 10-90823, 10-171063, 10-186565, 
10-186567, 10-186569 to 10-186572, 10-197974, 10-197982, 10-197983, 10-197985 to 10-197987, 10-207001, 

10- 207004, 10-221807, 10-282601, 10-288823. 10-288824, 10-307365, 10-312038, 10-339934, 11-7100, 11-15105, 

11- 24200, 11-24201, 11-30832, 11-84574. 11-65021, 11-109547, 11-125880, 11-129629, 11-133536 to 11-133539, 
11-133542, 11-133543, 11-223898, 11-352627, 11-305377, 11-305378, 11-305384, 11-305380, 11-316435, 11-327076, 

45 11-338096, 11-338098, 11-338099. 11-343420; and Japanese Patent Application Nos. 2000-187298, 2000-10229, 
2000-47345, 2000-206642, 2000-98530, 2000-98531, 2000-113059, 2000-112060, 2000-112104, 2000-112064, 
2000-171936. 

<Packaging Material for Phototherrriographic Material> 

50 

[0406] Preferably, the photothenmographic material of the first embodiment of the invention is wrapped with a material 
of low oxygen and/or moisture permeability for preventing its photographic properties from varying and for preventing 
it from curling or from having a curied habit while stored as raw films. 

[0407] Preferably, the oxygen pemneability at 25" C of the packaging material for use herein is at most 50 mi/ 
55 atm m^.day, more preferably at most 10 ml/atm-m^-day, even more preferably at most 1 .0 ml/atm-m^.day. Also prefer- 
ably, the moisture permeability thereof is at most 10 g/atm-m^-day, more preferably at most 5 g/atm-m^.day, even more 
preferably at most 1 g/atm-m^-day. 

[0408] Preferred examples of the packaging material of low oxygen and/or moisture pemneability for use herein are 
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described, for example, In JP-A 8-254793, 2000-206653. 
<Exposure and Thermal Deveiopment> 

[0409] A seventh embodiment of the pesent invention is a method of thermal development of a photothermographic 
material, which comprises a support having thereon a layer including at least a non-photosensitive organic silver salt, 
a photosensitive silver halide, a reducing agent and a binder; wherein the photosensitive silver halide has a mean 
sih/er iodide content of 5 to 100 mol %, and which further comprises at least one compound of the following general 
formula (I), wherein the highest temperature at thermal development of the photothemiographic material is 100 to 
120'»C. 



General fomnula (1) 
(X)k-{L)„-(A-B)„ 

wherein X represents a silver halide-adsorbing group or a light-absorbing group that has at least one atom each of N, 
S, P, Se and Te; L represents a (k + n)-valent linking group having at least one atom each of C, N, S and O; A represents 
an electron-donating group; B represents a leaving group or a hydrogen group; A-B is oxidized and then cleaved or 
deprotonated to generate a radical A; k represents an integer from 0 to 3; m represents 0 or 1 ; n represents 1 or 2; 
and when k = 0 and n = 1 , then m = 0; 

[0410] In the method of the present invention, the highest temperature of thenmal development of the photothermo- 
graphic material is preferably 105 to 115'C. 

[0411] In the method of the present invention, preferably, the photothermographic material is themially developed 
while being conveyed through a thenmal development zone that comprises from 2 to 6 plate heaters for thermal de- 
velopment and while being kept in contact with the plate heaters in that zone. 

[0412] In the method of the present invention, the mean grain size of the silver halide is preferably 5 to 80 nm, more 

preferably 5 nm to 70 nm. 

[0413] The photothermographic material of the first embodiment of the invention may be developed in any manner. 
In general, after having been imagewise exposed, it is developed under heat. Preferably, the temperature for the thermal 
development falls between 80 and 250'C, more preferably between 100 and 140'C, even more preferably between 
1 00 and 1 20*'C, most preferably between 1 05 and 1 1 5*»C. The time for the development preferably falls between 1 and 
60 seconds, more preferably between 5 and 25 seconds, even more preferably between 7 and 15 seconds. 
[0414] For thermal development for the photothermographic material, employable Is any of a drum heater system 
or a plate heater system, but preferred is a plate heater system. Forthe plate heater system for the material, prefen-ed 
is the method described in JP-A 11-133572. The plate heater system described therein is forthemial development of 
photothemiographic materials, in which a photothermographic material having been exposed to have a latent Image 
thereon is brought into contact with a heating unit in the zone for thenmal development to thereby convert the latent 
image into a visible image. In this, the heating unit comprises a plate heater, and multiple presser rolls are disposed 
in series on one surface of the plate heater. The exposed photothenmographic material is passed between the multiple 
pressure rolls and the plate heater, whereby it is developed under heat. The plate heater is sectioned into 2 to 6 stages, 
and it is desirable that the temperature of the top stage is kept lower by 1 to lO^'C or so than that of the others. 
[0415] For example, four pairs of plate heaters of which the temperature is independently controllable may be used, 
and they are set at 112°C, 119°C, 121°C and 120°C. The system of the type is described in JP-A 54-30032. In the 
plate heater system, water and organic solvent that remain in the photothemiographic material being processed can 
be removed out of the material. In this, in addition, the support of the photothemiographic material rapidly heated is 
prevented from being defomied. 

[0416] Preferably, the photothemiographic material of the first embodiment of the invention is exposed to high-in- 
tensity light of at least 1 mW/mm^ within a short period of time. The sensitivity of the photothermographic material of 
this embodiment that contains a high-iodide silver halide emulsion and a non-photosensitive organic silver salt is 
enough for exposure to such high-intensity light For the photothemiographic material of this embodiment, exposure 
to high-intensity light is preferred to exposure to low-intensity light In point of the sensitivity of the material. 
[0417] More preferably, the intensity of light to which the material is exposed falls between 2 mW/mm^ and 50 mW/ 
mm2, even more preferably between 10 mW/mm2 and 50 mW/mm2. 

[0418] The light source for the photothemiographic material of this embodiment may be any and every one of the 
type, for which, however, preferred are laser rays as producing better results. 

[041 9] Forthe laser rays to which the photothermographic material of the first embodiment of the invention is exposed, 
preferred are gas lasers (Ar+, He-Ne). YAG lasers, color lasers, or semrconductor lasers. Also employable is a com- 
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binatlon of semiconductor lasers and secondary hannonics generators. Especially preferred are gas or semiconductor 
lasers for red to infrared emission. Also preferred are semiconductor lasers for blue to violet emission. One example 
of liigh-power semiconductor lasers for blue to violet emission that are employable herein is a NIchia Chemical's sem- 
iconductor laser, NLHV300E. 

5 [0420] One example of laser imagers for medical treatment equipped with an exposure unit and a thermal develop- 
ment unit that are applicable to this embodiment of the invention is Fuji Medical Dry Laser Imager FIVI-DP L. 
[0421] The system FM-DP L Is described in Fuji Medical Review No. 8, pp. 39-55. Needless-to-say, the technique 
disclosed therein Is applicable to laser imagers for the photothennographic material of the first embodiment of the 
invention. In addition, the photothermographic material of this embodiment can be processed in the laser imager in 

10 the AD Network which Fuji Medical System has proposed for a networic system under DICOM Standards. 

[0422] The photothennographic material of the first embodiment of the invention forms a monochromatic image 
based on silver, and is favorable for use in medical diagnosis, industrial photography, printing, and COM. 

'Twelftli embodiment of Photothermographic Material- 
is 

[0423] The twelfth embodiment of the photothermographic material of the invention is described below. 
[0424] The twelfth embodiment of the pesent invention is a photothennographic material comprising a support having 
thereon a photosensitive silver halide, a non-photosensitive organic sllversalt, a themial-developing agent and a binder; 
wherein the photosensitive silver halide has a silver iodide content of 40 to 100 mol % and includes a metal selected 
20 from the elements of Groups 3 to 1 0 of the Periodic Table. 

<Photosensitive Silver Halide> 

[0425] The photosensitive silver halide for use in the twelfth embodiment of the invention is described. 

25 

«Haloger) Composition» 

[0426] For its halogen composition, the photosensitive silver halide for use in the twelfth embodiment of the invention 
may be any of silver bromoiodide, silver bromochloroiodide and silver iodide. 
30 [0427] The silver iodide content of the photosensitive silver halide falls between 40 and 1 00 mol%, preferably between 
70 and 1 00 mol%, more preferably between 90 and 1 00 mol%. 

«Method of Formirig Gralns» 

35 [0428] Preferably, the photosensitive silver halide is in grains in its emulsion. 

[0429] For forming the photosensitive silver halide grains, for example, employable are the methods described in 
Research Disclosure ^ 7029 (June 1978), and USP 3,700,458. Concretely, a silver source compound and a halogen 
source compound are added to gelatin or any other polymer solution to prepare a photosensitive silver halide, and it 
is then mixed with an organic silver salt. Also preferred for forming them are the method described in JP-A 11-119374, 

40 paragraphs [0217] to [0244]; and the methods described in Japanese Patent Application Nos. 11-98708 and 
2000-42336. 

«Gram Size > > 

45 [0430] Preferably, the photosensitive silver halide grains are smaller for preventing the images formed with them 
from becoming cloudy. Concretely, the grain size of the photosensitive silver halide grains may be at most 0.20 p,m, 
but preferably between 0,01 and 0.15 p.m, more preferably between 0.02 and 0.10 p.m. The grain size referred to herein 
is meant to Indicate the diameter of the circular image having the same area as the projected area of each photosensitive 
silver halide grain (for tabular grains, the main face of each grain is projected to determine the projected area of the 

50 grain). 

«Grain Morphology» 

[0431] Photosensitive silver halide grains generally have different types of morphology, including, for example, cubic 
S5 grains, octahedral grains, tabular grains, spherical grains, rod-lilce grains, and potato-like grains. In the twelfth embod- 
iment of the Invention, cubic silver halide grains are especially preferred. Also prefen^ed are corner-rounded silver 
halide grains. 

[0432] Regarding the halogen composition distribution in each photosensitive silver halide grain, the composition 
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may be or may not be uniform throughout the grain, or may stepwise vary, or may continuously vary. 
[0433] Core/shell structured photosensitive silver haiide grains are preferred for use herein. Preferably, the core/ 
shell structure of the grains has from 2 to 5 layers, more preferably from 2 to 4 layers. Also preferred are photosensitive 
silver halide grains of silver chloride, silver bromide or silver bromochloride vwth sih^er iodide localized on their surfaces. 
[0434] Preferably, the photosensitive silver halide for use in the twelfth embodiment of the invention has a direct 
transition absorption derived from the silver iodide crystal structure therein, In a wavelength range of from 350 nm to 
450 nm. Photosensltwe silver halides having such a direct transition for light absorption can be readily differentiated 
from any others by analyzing them as to whether to not they show an exciton absorption caused by their direction 
transition at around 400 nm to 430 nm. 

[0435] Fig. 1 shows the light absorbance curve of a silver iodide emulsion preferred for the photosensitive silver 
halide for use in the twelfth embodiment of the invention. From Fig. 1 . it is understood that the silver iodide emulsion 
has an exciton absorption caused by the direction transition absorption of silver iodide at around 420 nm. 

«Metal» 

[0436] The photosensitive silver halide for use in the twelfth embodiment of the invention contains a metal. The metal 
Is selected from the elements of Groups 3 to 10 of the Periodic Table. Examples of the metal are transition metals 
Including, for example, titanium, vanadium, manganese, Iron, ruthenium, osmium, cobalt, rhodium, iridium, nickel, pal- 
ladium, platinum, copper, silver, gold, zinc and cadmium. Of those metals, preferred are iron, nickel, cobalt, ruthenium, 
rhodium, rhenium, osmium, iridium, palladium, platinum, gold, silver, copper and zinc; and more preferred are nickel,' 
cobalt, palladium, platinum, and zinc. 

[0437] Preferably, the metal is in the fomi of its complex In the photosensitive silver halide. The metal complex is, 
for example, represented by the following general fonmula (!'): 

(Z1) JM(L1),^^(L2)^](22)„ General Fomiula {I') 

wherein M represents a centermetal; L1 and L2 each independently represent a ligand; Z1 represents a counter cation; 
Z2 represents a counter anion; k1 and k2 each indicate the number of the ligands (an Integer of from 0 to 6); k1 + k2 
falls between 2 and 6. but is preferably 4; and m and n each Indicate the number of Z1 and Z2, respectively, necessary 
for neutralizing the overall charge of the metal complex. 

[0438] In fomiula (I'), the center metal for M Is a metal selected from the elements of Groups 3 to 1 0 of the Perlodte 
Table. 

[0439] For example, it includes transition metals such as titanium, vanadium, manganese, iron, ruthenium, osmium, 
cobalt, rhodium, iridium, nickel, palladium, platinum, copper, silver, gold, zinc and cadmium. Of those metals, preferred 
are iron, nickel, cobalt, ruthenium, rhodium, rhenium, osmium, iridium, palladium, platinum, gold, silver, copper and 
zinc; and more preferred are nickel, cobalt, palladium, platinum, and zinc. 

[0440] The ligand for L1 and L2 includes, for example, neutral ligands such as carbonyl, aqua, amine, triphenylphos- 
phine; anionic ligands such as halogen atoms, cyano, nitro, hydride, nirlto. sulflto, amido. azido, cyanato, thlocyan; 
and organic ligands such as pyridine, pyrazine, pyridazine, pyrnnidine. bipyrldlne, pyrazole. imidazole, phenanthroline! 
benzlmldazole and their derivatives. The organic ligand Is a compound having a linear or cyclic hydrocarbon skeleton 
structure in which a part of the carbon or hydrogen atoms are optionally substituted with any other atom or atomic group. 
[0441] The counter cation for Z1 includes, for example, proton, ammonium ion; alkali metal Ions such as sodium and 
potassium Ions; and alkaline earth metal ions such as calcium ion. Z1 is preferably a sodium or potassium ion. The 
counter anion for Z2 includes, for example, halide ions such as chloride ion (C|-), bromide ion (Br), iodide ion (I"); and 
nitrate ion, p-toluenesulfonate ion. perchlorate ion, and sulfate ion. For Z2, preferred are halide ions. 
[0442] Specific examples of the metal complexes of formula (I') are mentioned below. 

l'-1:K4[Fe(CN)6] 
l'-2: K3[Fe(CN)6l 
l'-3: K4[Ru(CN)6) 

r-4: K4[Os(CN)6] 
l'-6: K3[Rh(CN]6] 
r-7: K3[lr(CN)6] 
l'-8: K3[Cr(CN)6] 
l'-9: K3[Re(CN)6) 
r-10: KgERhCHgOjClg] 
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r-HiKaPhCy 

r-12: K3[RuCl6] 

r-13: KalReClg] 

r-14: KgLRuBrg] 
5 l'-15: KatOsClg] 

IM6: K3[CrCl6] 

l'-17: KaHrCle] 

l'-18:K3[lrCl6) 

l'-19: K3[RhBr6] 
10 |'-20: K2[Ru(H20)Cl5] 

r-21:K2[Pd(CN)4] 

r-22: KaEPdCIJ 

l'-23: K2[PdBr4] 

l'-24: K2[Pd(N02)4] 
15 r-25: K2[Pd(SCN)4l 

r-26: K2[Pt(CN)4] 

r-27: KgLPtCU) 

r-28: K2[PtBr4l 

r-29: KgCPtU] 
20 l'-30: K2[Pt(N02)4] 

r-31: K2[Pt(SCN)4] 

l'-32: K2[Pt{N02)2(NH3)2] 

l'-33: trans-[PtCl2(NH3)2] 

r-34: cis-[PtCl2(NH3)2] 
25 r.36: K2[Co(NCO)4] 

l'-36: K2[CoCl4] 

r-37: [CoCl2(H20)2] 

r-38: K2[Ni(CN)4] 

l'-39: K2[NiCl4] 
30 l'-40: K2[Ni(SCN)4] 

l'-41 : K{Au(CN]4l 

r-42: KIAuCU) 

l'-43: K[Aul4] 

l'-44: K[R(CN]3(py)] (py is pyridine.) 
35 |'.45: K[Pd(CN)3(py)] 

r-46: K[Pt(CN)2(bpy)] (bpy is 2,2'-bipyridine 

r-47: K[Pd(CN)2(bpy)] 

l'-48: K[Pt(CN)3(pyz)] (pyz is pyrazine.) 

l'-49: K[Pd(CN)3(pyz)] 
40 r-sO: [Pt(CN)(py)3lCI 

l'-51:[R(CN)(pyz)3lCI 

l'.52: [Pt(pyz)2Cl2] 

i'-53: [Fe(py)4Cl2] 

l'-54: K4[Pd(py)2Cl2] 
45 r.55: [Co(py)2Cl2] 

r-56: [Ag(py)4Cl2] 

r-57: K[Pt(CN)3(py)] 

r-58: K[2n(CN]3(py)] 

r-59: [Zn(CN)2(bpy)] 
50 i'-60: [Zn(CN)2Cl2l 

r-61:K[Zn(CN)3(pyz)] 

r-62: K2[Zn(CN)4] 

r-63: K2[ZnCl4] 

r-64: K2[Znl4] 
55 |'.65: K2[Cu(CN)3(py)] 

l'-66: K[Cu(CN)2(bpy)] 

r-67: K3[Cu(CN)2Cl2] 

r-68: K2[Cu(CN)3(pyz)] 
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r-69: K3[Cu(CN)4] 

l'-70: KgECuCIJ 

r-71: KgECug 

l'-72: K[Au(CN)2(bpy)] 

I'-73: K3[Au(CN)2Cy 

l'-74: K2[Au{CN)3(pyz)] 

l'-75: K[RCl2(lm]2] (Im is Imidazole.) 

r-76: [2nCl2(lm)2] 

l'-77: K[PdCI(lm)3] 

l'-78: K2tPdCl2(im)2] 

r-79: K2[CuCl2(lm)2] 

l'-80: K{AuCl2(lm)2] 

r-81: K[CoCl3(lm)] 

l'-82: [CoCl2(lm)2] 

l'-83: [CoCI(lm)3]CI 

l'-84: [Co{lm)4]Cl2 

r-85: K[Co(CN)3{lm)] 

r-86: [Co(CN)2(lm)2] 

r-87: [Co(CN)(Im)3JCI 

l'-88: [CoCl2(bim)2] (bim is benzimidazole.) 

r-89: [CoCI(bim)3)CI 

l'-90: [Co(bim)4JCl2 

l'-91 : K[R(CN)2(phen)] (phen is 1 ,10-phenanthrollne.) 
l'-92: [Zn(CN)2(phen)] 
l'-93: K[Cu(CN)2(phen)] 
l'-94: K[Au(CN)2(phen)] 
l'-95: K[Co(CN)2(phen)] 

[0443] One and the same metal complex, or two or more different types of metal complexes of different metals may 
be used fierein, either singly or as combined. 

[0444] The metal complex concentration In the photosensitive silver halide for use herein Is not specifically defined, 
falling, for example, between 1 x 1 0-® and 1 x 1 0*2 mol/mol of sih/er, preferably between 1 x 1 0"® and 1 x 1 0'^ mol/ 
mol of silver, 

[0445] The doped amount of the metal complex in the photosensitive silver halide and the doping rate therein may 
be quantified by analyzing the doped complex for the center atom thereof, for example, through atomic absorption 
spectrometry, ICP (Inductively coupled plasma spectrometry) or ICPMS (inductively coupled plasma mass spectrom- 
etry). 

[0446] For the metals and the metal complexes for use herein, refen-ed to are those described in. for example, JP-A 
7-225449; JP-A 11-65021 , paragraphs [0018] to [0024]; JP-A 11-119374. paragraphs [0227] to [0240]. For the method 
of adding the metal and the metal complex to the photosensitive silver halide, referred to are those described In, for 
example, JP-A 7-225449; JP-A 1 1 -65021 , paragraphs [001 8] to [0024]; JP-A 11-11 9374. paragraphs [0227] to [0240]. 
[0447] For the methods of desalting and chemical sensitization of the photosensitive silver halide emulsions for use 
in the twelfth embodiment of the Invention, referred to are those described in, for example, JP-A 11-84574, paragraphs 
[0046] to [0050]; JPtA 11-65021 , paragraphs [0025] to [0031]; JP^ 11-119374, paragraphs [0242] to [0250]. 

«Ge!atin» 

[0448] Preferably, the photosensitive silver halide for use in the twelfth embodiment of the invention contain gelatin. 
Gelatin of different types may be used in preparing the halide emulsions. Gelatin must be kept well dispersed in the 
organic silver salt-containing coating liquid of the photosensitive silver halide emulsion, and its molecular weight may 
falls between 1 0,000 and 1 ,000.000. preferably between 50.000 and 500.000 in tenfns of the mean molecular weight 
thereof. Gelatin phthallde is also prefen^ed for use herein. 

[0449] In case where a low-molecular gelatin Is used herein, it may be dispersed in the coating liquid during grain 
fomnation or after desalting, but is preferably dispersed therein after desalting. 

«Sensitizing Dye» 

[0450] The photothermographic material of the twelfth enibodiment of the invention may contain a sensitizing dye. 
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For the details of the sensitizing dye usable in this embodiment, referred to are those described in the section of the 
first embodiment of the invention. 

[0451] The photothemnographic material of the twelfth embodiment of the invention may contain a supersensitizer 
for further enhancing the spectral sensitivity of the material. For the details of the supersensitizer usable in this em- 
5 bodiment, referred to are those described in the section of the first embodiment hereinabove. One or more different 
types of supersensitizers may be used herein either singly or as combined. 

«Chemicai Sensittzation» 

10 [0452] Preferably, the photothermographic material of the twelfth embodiment of the invention is chemically sensi- 
tized with any of sulfur, selenium or tellurium. For the details of sulfur, selenium or tellurium sensitization applicable to 
this embodiment, referred to are those described in the section of the first embodiment hereinabove. 
[0453] Concretely, for the details of the time of chemical sensitization, the amount of the sulfur sensitizer, selenium 
sensitizer and tellurium sensitizer for the sulfur, selenium or tellurium sensitization, the mode of gold sensitization, the 

IS condition (pH, pAg, temperature) for the chemical senisitization, and the mode of adding thiosulfonic acid compounds, 
refen^ed to are those described in the section of the first embodiment hereinabove. 

[0454] The photosensitive silver halide for use in the twelfth embodiment of the Invention may be sensitized through 
reduction sensitization with a reduction sensitizer. For the reduction sensitizer, preferred are ascorbic acid, thiourea 
dioxide, stannous chloride, aminoimimomethanesulfinic acid, hydrazine derivatives, borane compounds, silane conv 

20 pounds and polyamine compounds. 

[0455] The reduction sensitizer may be added to the silver halide grains in any stage of preparing the photosensitive 
silver halide emulsions including the stage of grain growth to just before coating the emulsions. 
[0456] Preferably, the emulsions are subjected to such reduction sensitization while they are kept ripened at a pH 
of 7 or more and at a pAg of 8.3 or less. Also preferably, they may be subjected to reduction sensitization while the 

25 grains are fonmed with a single addition part of silver ions being introduced thereinto. 

[0457] When the photosensitive silver halide is formed into its emulsion in the twelfth embodiment of the invention, 
It is desirable that an FED sensitizer (fragmentable electron donating sensitizer) of a compound capable of generating 
two electrons from one photon is added to the emulsion. For the FED sensitizer for use herein, preferred are the 
compounds described in USP 5,747,235, 5,747,236, 6.054,260, 5,994,051, and Japanese Patent Application No. 

30 2001-86161. 

[0458] The amount of the FED sensitizer to be added to the emulsion varies, depending on various condition, but 
may generally fall between 10-^ and lO*"* mols, but preferably between 10"^ and 5x10-2 mols per mol of the silver 
halide in the emulsion. 

[0459] Adding the FED sensitizer to the photosensitive silver halide emulsion may be effected in any stage of pre- 
35 paring the emulsion including the stage of grain growth to just before coating the emulsion. 

[0460] The photothermographic material of the twelfth embodiment of the invention may contain only one type or 
two or more different types of photosensitive silver halide grains (these will differ in their mean grain size, halogen 
composition or crystal habit, or in the condition for their chemical sensitization), either singly or as combined. Combining 
two or more types of photosensitive silver halide grains differing in their sensitivity will enable to control the gradation 
40 of the images to be formed in the photothermographic material. The sensitivity difference between the combined silver 
halide grains is preferably such that the respective emulsions differ from each other at least by 0.2 logE. For the 
technique relating to it, referred to are JP-A 57-119341. 53-106125, 47-3929, 48-55730, 46-5187, 50-73627, 
57-150841. 

45 «Amount of Photosensitive Silver Halide in Photothermographic Material» 

[0461] The amount of the photosensitive silver halide grains to be In the photothermographic material of this embod- 
iment Is, In ternis of the amount of silver per m^ of the material, preferably from 0.03 to 0.6 g/m2, more preferably from 
0.07 to 0.4 g/m2 most preferably from 0.05 to 0.3 g/m^. Relative to one mol of the organic silver salt therein, the amount 
50 of the photosensitive silver halide grains to be in the material preferably falls between 0.01 mols and 0.5 mols, more 
preferably between 0.02 mols and 0.3 mols, even more preferably between 0.03 mols and 0.2 mols. 

«Mode of Mixing Photosensitive Silver Halide and Organic Silver Salt» 

55 [0462] Regarding the method and the condition for mixing the photosensitive silver halide grains and an organic 
silver salt having been prepared separately (the organic sliver salt Is described hereinunder), for example, employable 
is a method of mixing them in a high-perfomnance stirrer, a ball mill, a sand mill, a colloid mill, a shaking mill, a homog- 
enizer or the like; or a method of adding the photosensitive silver halide grains having been prepared to the organic 
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silver salt being prepared, in any desired timing to produce the organic silver salt mixed with the silver halide grains. 
However, there is no specific limitation thereon, so far as the methods employed ensure the advantages of the twelfth 
embodiment of the invention. Mixing two or more different types of aqueous, organic silver salt dispersions with two 
or more different types of aqueous, photosensitive silver salt dispersions rs preferred for suitably controlling the pho- 
5 tographic properties of the photothemriographtc material of the invention. 

«Mode of Mixing Photosensitive SiiverHaiide in Coating Uquid» 

[0463] The preferred time at which the photosensitive silver halide grains are added to the coating liquid which is to 
10 form the image-fonming layer on the support of the photothermographic material of the Invention may fall between 1 80 
minutes before coating the liquid and a time just before the coating, preferably between 60 minutes before the coating 
and 10 seconds before it. However, there Is no specific limitation thereon, so far as the method and the condition 
employed for adding the grains to the coating liquid ensure the advantages of the twelfth embodiment of the Invention. 
Concretely for mixing them, employable is a method of adding the grains to the coating liquid in a tank in such a 
*5 controlled manner that the mean residence time for the grains in the tank, as calculated from the amount of the grains 
added and the flow rate of the coating liquid to a coater, could be a predetennlned period of time; or a method of mixing 
them with a static mixer, for example, as in N. Harunby, M. F. Edwards & A. W. Nienow's Uquid Mixing Technology, 
Chap. 8 (translated by Koji TalcahasI, published by Nikkan Kogyo Shinbun. 1989). 

^ <Non-photosensitive Organic Silver Satt> 

[0464] For the details of the non-photosensltlve organic silver salt for use in this embodiment, referred to are those 
described In the section of the first embodiment of the invention. 

[0465] Concretely, specific examples of the silver salts of fatty acids for use herein are silver lignocerate, silver be- 
?5 henate, silver arachidate, silver stearate, sih^er oleate, silver laurate. silver caproate, silver myristate, silver palmitate, 
silver erucate, and their mixtures. 

<Heducing Agent> 

90 [0466] The photothenmographic material of the twelfth embodiment of the invention preferably contains a thermal 
developing agent (this is hereinafter referred to as "reducing agent") for the organic silver salt therein. For the details 
of the reducing agent usable in this embodiment, refenred to are those described in the section of the first embodiment 
of the invention. 

?5 <Deveiopment Acceierator> 

[0467] Specific examples of the development accelerator for use in the twelfth embodiment of the invention are 
mentioned below [(A'-1 ) to (A'-10)], to which, however, this embodiment is not limited. 



40 
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(A' -2) 

NHNHCONH(CH2)30-\^y-C5Hi 1 (t) 
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(A' -6) 

NHNHCONH-/~~^ 



SO2CH3 
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(A' -7) 




<Hydrogen Bonding Type Compound> 

[0468] In case where the reducing agent in the twelfth embodiment of the invention has an aromatic hydroxy! group 
(-OH), especially when it is any of the above-mentioned bisphenols, the reducing agent is preferably combined with a 
non-reducing compound that has a group capable of fomiing a hydrogen bond with the group in the reducing agent. 
The non-reducing compound is hereinafter referred to as "Hydrogen bonding type compound". For the details of the 
Hydrogen bonding type compound usable in this embodiment, referred to are those described in the section of the first 
embodiment of the invention. 
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<Binder> 

[0469] I n the twelfth embodiment of the invention . the non-photosensitive organic silver salt-containing layer f omried 
on the support preferably contains a binder. For the details of the binder usable in this embodiment, referred to are 
5 those described in the section of the first embodiment of the invention. 

<Solvent Preferred tor Coathg Uquid> 

[0470] The solvent for the coating liquid for the organic silver salt-containing layer of the photothennographic material 
10 of the twelfth embodiment of the invention is not specifically defined, and any of water and organic solvents such as 
those mentioned below are usable for it. Preferably, however, the solvent is an aqueous solvent that contains at least 
30 % by weight of water. The solvent referred to herein is meant to Indicate both solvent and dispersion medium for 
simple expression. 

[0471] For the details of the solvents except water, including the preferred water content and the preferred solvent 
IS composition, referred to are those described in the section of the first embodiment of the invention. 

<Antifoggar)t and Others> 

[0472] In the twelfth embodiment of the invention, usable are an antifoggant, a stabilizer and a stabilizer precursor. 
20 For the details of the antifoggant, stabilizer and stabilizer precursor, including the description and specific examples 
of organic polyhalogen compounds serving as an antifoggant and those of other antifoggants and azolium salts, referred 
to is the description relating to them given in the section of the first embodiment of the invention. 

<Other Additives> 

25 

«Mercapto, Disulfide and Thione Compounds» 

[0473] The photothenTiographic material of the twelfth embodiment of the invention may optionally contain any of 
mercapto compounds, disulfide compounds and thione compounds which are for retarding, promoting or controlling 
30 the developability of the material, or for enhancing the spectral sensitivity thereof, or for improving the storage stability 
thereof before and after development. For the details of the mercapto compounds, disulfide compounds and thione 
compounds usable in this embodiment, refen-ed to are those described in the section of the first embodiment of the 
invention. 

35 «Toning Agent» 

[0474] The photothermographic material of the twelfth embodiment of the invention may optionally contain a toning 
agent. For the details of the toning agent usable in this embodiment, referred to are those described in the section of 
the first embodiment of the invention. 

40 

«Plasticizer, Lubricant» 

[0475] In its photosensitive layer, the photothemiographic material of the twelfth embodiment of the invention may 
optionally contain a plasticizer and a lubricant. For the details of the plasticizer and the lubricant usable in this embod- 
45 Iment, refenred to are those described in the section of the first embodiment of the invention. 

«Super-hardenei» 

[0476] In its photosensitive layer, the photothermographic material of the twelfth embodiment of the invention may 
50 optionally contain a super-hardener. For the details of the super-hardener usable in this embodiment, referred to are 
those described in the section of the first embodiment of the invention. 

[0477] In its photosensitive layer, the photothermographic material of the twelfth embodiment of the Invention may 
optionally contain a hardening promoter. For the details of the hardening promoter usable in this embodiment, referred 
to are those described in the section of the first embodiment of the invention. 
S5 [0478] The photothennographic material of the twelfth embodiment of the invention may optionally contain fonmic 
acid or its salt that serves as a strong foggant. In case where the material contains such a strong foggant, formic acid 
or its salt, it is desirable that at most 5 mmols, preferably at most 1 mmol of the strong foggant is added to the side of 
the material on which Is fomied a photosensitive silver halide-containing. image-fomning layer. 
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[0479] In case where a super-hardener is used in the photothennographic material of the twelfth embodiment of the 
invention, it is preferably combined with an acid fomied through hydration of diphosphorus pentoxide or its salt. For 
the details of the acid formed through hydration of diphosphorus pentoxide or its salt usable in this embodiment, refered 
to are those described in the section of the first embodiment of the Invention. 

<Preparation of Coating Uquid> 

[0480] For the details of the preparation of the coating liquids for use in this embodiment, referred to are those 
described in the section of the first embodiment of the invention. 

<Layer Constitution> 

[0481 ] For the details of the layer constitution (surface protective layer, antihalation layer, back layer, matting agent, 
film surface pH, hardening agent, surfactant, electroconductive layer, support, other additives) in this embodiment, 
referred to are those described in the section of the first embodiment of the Invention. 

<Fabrication of Photothermograpbic Matenal> 

[0482] For the details of the mode of fabricating of the photothermographic material of this embodiment, referred to 
are those described in the section of the first embodiment of the Invention. 

<Packagfng Materiaf for Photothermographic f\Aaterial> 

[0483] Preferably, the photothermographic material of the twelfth embodiment of the invention is wrapped with a 
material of low oxygen and/or moisture permeability for preventing Its photographic properties from varying and for 
preventing it from curiing or from having a curled habit while stored as raw films. For the details of the packaging 
material for use in this embodiment (including the preferred data of oxygen penneabillty and moisture penneabllity of 
the packaging material and the prefen'ed examples of the material), referred to are those described In the section of 
the first embodiment of the Invention. 

<Exposure and Thermal Development> 

[0484] For the details of the mode of exposure to light and themial development of the photothemnographic material 
of this embodiment, refen-ed to are those described In the section of the first embodiment of the invention. 
[0485] The photothermographic material of the twelfth embodiment of the Invention forms a monochromatic image 
based on silver, and is favorable for use in medfcal diagnosis, industrial photography, printing, and COM. 

-Eighteenth embodiment of Photothermographic Material' 

[0486] The eighteenth embodiment of the photothermographic material of the invention is described below. 
[0487] The eighteenth embodiment of the pesent invention is a photothermographic material comprising a support 
having thereon an Image-forming layer including at least a non-photosensitive organic silver salt, a photosensitive 
silver halide, a reducing agent and a binder; and further comprising a compound having a silver halide-adsorbing group 
and a reducing group or a precursor thereof. 

[0488] Preferably, the material may have a surface protective layer on the image-forming layer, and may have a back 
layer and a back protective layer on the side opposite to the Image-forming layer. 

Image-forming Layer 

<Compound having a silver halide-adsorbing group and a reducing group> 

[0489] The compound having a silver halide-adsortjing group and a reducing group, which is for use in the eighteenth 
embodiment of the invention, is described in detail. 

[0490] Concretely, the compound having a silver halide-adsorbing group and a reducing group is represented, for 
example, by the following general formula (I"): 

General Fonmula (I") A - (W)n - B 
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wherein A represents an atomic group tliat contains a silver halide-adsorbing group; W represents a divalent linking 
group; n Indicates 0 or 1 ; and B represents a reducing group. 
[0491] Formula (I") is described in detail. 

[0492] In fomriula (1"), the atomic group that contains a silver halide-adsorbing group for A concretely Includes mer- 
5 capto compounds (e.g., mercaptotetrazole, mercaptotriazole, mercaptoimidazole, mercaptothiadiazole, mercaptoxa- 
diazole. mercaptobenzothiazole, mercaptobenzoxazole, mercaptobenzimidazole, mercaptotetrazaindene, mercapto- 
pyridyl, mercaptoalkyi and mercaptophenyl groups), thione compounds (e.g., thiazoline-2-thione, imidazoline-2-thione, 
benzimidazoline-2-thione, benzothiazoline-2-thlone, thiourea and thioamido groups), imino silver-fomiing compounds 
(e.g., benzotriazole. tetrazole, hydroxytetrazaindene and benzimidazole groups), benzothiazole compounds, benzim- 
10 idazole compounds and benzoxazole compounds. Above all, prefen-ed are mercapto compounds and thione com- 
pounds. 

[0493] In formula (I"), the divalent linking group for W Is composed of any of carbon, hydrogen, oxygen, nitrogen and 
sulfur atoms, concretely representing an alkylene group having from 1 to 20 carbon atoms (e.g., methylene, ethylene, 
trimethylene, tetramethylene, hexamethylene), an arylene group having from 6 to 20 carbon atoms (e.g., phenylene, 

15 naphthylene), -CONRi-, -SOaNRg-, -0-, -S-, -NR3-, -NR4CO-, -NRsSOa-. -NRgCONRy-, -COO- or -OCO-. R,, R2, R3, 
R4. R5, Rg and R7 each represent a hydrogen atom, an aliphatic group or an aromatic group. 
[0494] In formula (I"), the aliphatic group for R^, Rg. R3. R4, R5, Re and R7 is preferably a linear, branched or cyclte 
alkyi, alkenyl, alkynyl or aralkyi group having from 1 to 30 carbon atoms, more preferably from 1 to 20 carbon atoms. 
Examples of the alkyI, alkenyl, alkynyl and aralkyi groups are methyl, ethyl, Isopropyl, t-butyl, n-octyl, n-decyl, n-hex- 

20 adecyl, cyclopropyl, cyclopentyl, cyclohexyl, allyl, 2-butenyl, 3-pentenyl, propargyl, 3-pentynyl and benzyl groups. 
[0495] In formula (I"), the aromatic group for R^, R2, R3, R4, R5, Re and R7 Is preferably a monocyclic or condensed 
cyclic aryl group having from 6 to 30 carbon atoms, more preferably from 6 to 20 carbon atoms, and is, for example, 
a phenyl or naphthyl group. 

[0496] The groups mentioned above may be combined to form a divalent linking group. 
25 [0497] In formula (I"), the reducing group for B may be any and every functional group capable of reducing silver 

halides. Concretely, it includes, for example, a formyl group, an amino group, a triple bond-having group such as 
. acetylene or propargyl group, an alkylmercapto group, an arylmercapto group and groups of general fomriulae (B^) to 

(B3) mentioned below, as well as groups derived from any of reductones, phenols, naphthols, phenylenediamines and 

1 -phenyl-3-pyrazolidones that will be mentioned hereinunder. Above all, it is preferably a formyl group, an amino group, 
30 a triple bond-having group, a group of fonnulae (8^) to (83), or a group derived from any of reductones, phenols, 

naphthols, phenylenediamines and 1-phenyl-3-pyrazolidones. 

[0498] Precursors of the compounds having such a silver halide-adsorbing group and a reducing group include, for 
example, those capable of releasing an adsorbing mercapto group and a reducing formyl group through hydrolysis, 
such as thiazoliums (including benzothlazoliums and naphthothiazoliums), thiazolines and thiazolidines; and disulfide 
35 compounds having a reducing group, of which the disulfide group is cleaved to give an adsorbing mercapto group. For 
the precursors, prefenred are those capable of releasing the compound of fomnula (I") when added to silver halide 
emulsions, and thiazoliums having a triple bond-having substituent. 

[0499] Specific examples of the compounds for use in the eighteenth embodiment of the invention, which have any 
of a formyl group, an amino group, a triple bond-having group, an alkylmercapto group or an arylmercapto group that 
40 serves as a reducing group. However, the eighteenth embodiment of the invention Is not limited to these examples. 
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[0500] Other preferred examples of the compounds having a silver halide-adsorbing group and a reducing group, 
that are for use in the eighteenth embodiment of the invention are compounds having any of the following groups (Bi) 
to (B3) for the reducing group of fomnula (I"). In the groups (B^) to (B3), and R^a each independently represent a 
hydrogen atom, an alkyi group, an all<enyl group, an alkynyl group, an aryl group or a heterocyclic group. 



(Bi) (B2) 
/OH 




(B3) 



/OH 

Bb20 



so [0501] The alkyi group for R^i and in (B^) to (B3) is preferably a substituted or unsubstituted alkyI group having 
from 1 to 20 carbon atoms (e.g., methyl, ethyl, n-propyl, i-propyl, cyclopropyl,. i-butyl, cyclohexyl. t-octyl, decyl, dodecyl. 
hexadecyl. benzyl), more preferably an unsubstituted linear alkyl group, most preferably a methyl group. 
[0502] The alkenyl group for R^^ and R^a is preferably a substituted or unsubstituted alkenyl group having from 2 to 
20 carbon atoms (e.g.. vinyl, allyl, 2-butenyl, oleyl, i-propenyl), more preferably an unsubstituted linear alkenyl group, 

55 nnost preferably an allyl group. 

[0503] The alkenyl group for Rb^ and R^g is preferably a substituted or unsubstituted alkynyl group having from 2 to 
20 carbon atoms (e.g.. ethynyl, propargyl, trimethylsilylethynyl). more preferably an unsubstituted linear alkynyl group. 
[0504] The aryl group for R^, and R^g is preferably a substituted or unsubstituted aryl group having from 6 to 20 
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carbon atoms (e.g., phenyl, naphthyl), more preferably a substituted or unsubstituted phenyl group. 
[0505] The heterocyclic group for Rbi and Rb2 is preferably a divalent group derived from a 5-membered or 6-mem- 
bered, substituted or unsubstituted, aromatic or non-aromatic heterocyclic compound by removing one hydrogen atom 
from it (e.g., 2-furyl, 2-thienyl. 2-pyrimldinyl, 2-ben20thlazoyl), more preferably an aromatic heterocyclic group. These 
groups may be substituted. 

[0506] is preferably a hydrogen atom or an alkyi group, more preferably an alkyi group, even more preferably a 
methyl group. 

[0507] Rb2 is preferably a hydrogen atom or an alkyi group, more preferably a hydrogen atom. 
[0508] Still other prefen-ed examples of the compounds having a silver halide-adsorbing group and a reducing group 
that are for use in the eighteenth embodiment of the invention are compounds having, forthe reducing group of formula 
(!"), a group derived from any of reductones, phenols, naphthols, phenylenediamines and 1-phenyl-3-pyrazolidones. 
The phenols for these include, for example, hydroxybenzenes, dihydroxybenzenes, polyhydroxybenzenes (e.g., pyro- 
gallol), aminophenols, and sulfonamidophenols. The naphthols include, for example, 1 ,4-naphthols and 1 ,5-naphthols. 
The groups derived from these compounds by removing one hydrogen atom from the benzene ring thereof may be 
the reducing groups in the eighteenth embodiment of the Invention. In the reducing groups of the type, the position at 
which one hydrogen atom has been removed from the compounds to give the groups shall be the bonding site of each 
group. 

[0509] Of the reducing groups mentioned above, prefen'ed for use herein are those derived from any of phenols, 
phenylenediamines and 1 -phenyl-3-pyrazoIidones. 

[0510] Preferred examples of the compounds in which the reducing group is a group of formulae (B^) to (B3) or a 
group derived from any of reductones, phenols, naphthols, phenylenediamines and 1 -phenyl-3-pyrazolidones are men- 
tioned below [Compounds (P'-l ) to (l"-77)], to which, however, the eighteenth embodiment of the invention is not limited. 
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15 [0511] The above-mentioned connpounds may be produced with reference to the methods described in JP-A 
61-90153 and 4-368935 or to the methods described in patent publications that are referred to therein. Specifically, 
the compounds having a hydroxylamine partial structure may be produced according to two different methods. One 
method comprises reacting a divalent linking group moiety with an adsorbing group followed by further reacting a 
hydroxyamine moiety with it; and the other method comprises reacting a divalent linking group with a hydroxylamine 

20 moiety followed by further reacting an adsorbing group with it. Of the two, preferred is the fomDer. Anyhow, the com- 
pounds may be produced according to ordinary techniques of organic synthesis. 

[0512] The amount of the compound of fomnula (I") to be In the photothemiographic material of this embodiment 
varies, depending on the silver halide grains to be in the material, but may fall generally between 1 0'^ and 1 mol. 
preferably between 10'^ and 10'^ mols, more preferably between 10-^ and 10'^ mols per mol of the silver halide in the 

25 material. 

[051 3] In the eighteenth embodiment of the invention, the compound may be added to the material In the form of its 
solution in a solvent, for example, water or an organic solvent miscible with water and not having any negative influence 
on the photographic properties of the material - the organic solvent may be selected from alcohols, glycols, ketones, 
esters, amides and the like - or in the fonn of its solid dispersion. 
30 [0514] The time at which the compound of fonnula (1") is added to the photothermographic material of the eighteenth 
embodiment of the invention may be any stage after the formation of the grains for the high silver iodide emulsions but 
before coating the emulsions. Preferably, however, the compound Is added thereto during the stage before the start 
of chemical sensitization of the grains and just before coating the emulsions. Especially preferably, It Is added thereto 
just before coating the emulsions. 

35 

<Photosensitive Silver Halide Gmin> 



[0515] The photosensitive silver halide for use In the eighteenth embodiment of the Invention is described in detail. 
40 «Haiogen Composition» 



[0516] It is a matter of Importance that the photosensitive silver halide for use In the eighteenth embodiment of the 
invention has a high silver iodide content falling between 40 mol% and 100 mol%. The other halogen composition 
except silver iodide is not specifically defined, but Is preferably selected from silver chloride, silver bromide, silver 
45 thiocyanate, silver phosphate and other organic silver salts. Especially preferably, it is silver bromide or silver chloride. 
Using the silver halide composition having such a high silver iodide content has made it possible to design the photo- 
thennographic material of this embodiment that has the advantages of good Image storability after thermal development 
and good fogging resistance in exposure to light. 

[0517] More preferably, the silver Iodide content of the silver halide for use herein falls 80 mol% and 1 00 mol%, even 
so more preferably between 85 mol% and 100 mol%, still more preferably between 90 mol% and 100 mol% for better 
light-fast image storability of the processed material. 

[0518] Regarding the halogen composition distribution in each silver halide grain, the composition may be uniform 
throughout the grain, or may stepwise vary, or may continuously vary. Core/shell structured silver halide grains are 
also preferred for use herein. Preferably, the core/shell structure of the grains has from 2 to 5 layers, more preferably 
55 from 2 to 4 layers. Also preferred are core/shell structured silver halide grains in which the core is of a high silver Iodide 
composition or the shell is of a high silver iodide composition. A technique of localizing silver chloride or silver bromide 
epitaxlally grown on the surfaces of silver halide grains Is also preferably employed herein. 
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«Grain Size» 



[0519] The grain size is a matter of great importance for the high silver iodide composition for use in the eighteenth 
embodiment of the invention. Using too large silver halide grains results in the increase in the coating amount of the 
silver halide necessary for attaining the intended maximum image density. We, the present inventors have found that, 
if the coating amount of the high silver Iodide emulsion for use in this embodiment increases, it significantly detracts 
from the developability of the photothemiographic material and lowers the sensitivity thereof, and. in addition , it detracts 
from the image density stability relative to the time for developing the material. In this connection, we have also found 
that silver halide grains larger than a predetermined level could not forni high density images with a predetermined 
development time. On the other hand, we have further found that, when the coating amount of the silver iodide-rich 
emulsion is limited, then the developability of the photothennographic material is good. 

[0520] Accordingly, the grain size of the silver Iodide-rich grains must be far smaller than that of conventlonaJ silver 
bromide grains or silver bromoiodlde grains having a low iodide content in order that the silver iodrde-rich grains attain 
a satisfactory maximum optical density. Therefore in this embodiment of the invention, the grain size of the silver halide 
preferably falls between 5 nm and 70 nm, more preferably between 5 nm and 55 nm. even more preferably between 
10 nm and 45 nm. The grain size referred to herein is meant to Indicate the diameter of the circular Image having the 
same area as the projected area of each silver halide grain analyzed through electromicroscopy. 

«Coating Amount of Silver Halide grains Photothermographic Materiat» 

[0521] Preferably the coating amount of the silver halide grains of that type falls between 0.5 mol% and 15 mol% 
more preferably between 0.5 mol% and 12 mol%, even more preferably not larger than 10 mol% per mol of silver in 
the non-photosensitive organic silver salt that will be described hereinunder. Still more preferably, it falls between 1 
mol% and 9 mol%, further more preferably between 1 mol% and 7 mol%. As so mentioned above, the silver Iodide- 
rich silver halide composition for use herein significantly retards the developability of the photothermographic material 
containing it, if its coating amount is too large. To solve the problem, we. the present inventors have found that suitably 
selecting the coating amount of the silver iodide-rich silver halide composition to fall within the range as above is a 
matter of great importance. 

«Meti)od of Forming Grains» 

[0522] Methods of fomriing the photosensitive silver halide are well known in the art, for example as in Research 
Disclosure 1 7029 (June 1 978), and USP 3,700.458. and any known method is employable in the invention. Concretely, 
a silver source compound and a halogen source compound are added to gelatin or any other polymer solution to 
prepare a photosensitive silver halide. and it is then mixed with an organic silver salt. Also preferred are the method 
described in JP-A 11-119374. paragraphs [0217] to [0244]; and the methods described in JP-A 11-352627 and Japa- 
nese Patent Application No. 2000-42336. 

«Grain Morphology» 

[0523] Sliver halide grains generally have different types of morphology, Including, for example, cubic grains octa- 
hedral grains, tetradecahedral grains, dodecahedral grains, tabular grains, spherical grains, rod-like grains, and potato- 
like grains. Of those, dodecahedral grains, tetradecahedral grains and tabular grains are preferred. The silver iodide- 
rich silver halide grains for use in the eighteenth embodiment of the invention have some complicated morphology. For 
one preferred morphology of the grains for use in this embodiment, refen-ed to are conjugate grains as In R.L Jenkins 
et al's Journal of Photo ScL, Vol. 28 (1980), page 164, Fig. 1. Also preferred are tabular grains as in Fig. 1 of that 
literature. Still prefen^ed are comer-rounded silver halide grains. The surface index (Miller index) of the outer surface 
of the photosensitive silver halide grains for use in this embodiment is not specifically defined, but is desirably such 
that the proportion of {1 00} plane, which ensures higher spectral sensitization when It has adsoribed a color-sensitizing 
dye, in the outer surface is larger. Preferably, the proportion of {100} plane in the outer surface is at least 50 % more 
preferably at least 65 %. even more preferably at least 80 %. The Miller index indicated by the proportion of {1 00} plane 
can be identified according to the method described by T Tani in J. Imaging ScL, 29. 1 65 (1 985). based on the adsorption 
dependency of sensitizing dye onto {111} plane and {100} plane, 

«Heavy Metal» 

[0524] Silver halide grains having a hexacyano-metal complex in their outermost surfaces are preferred for use In 
the eighteenth embodiment of the invention. Preferred examples of the hexacyano-metal complex are [Fe(CN)6]^, [Fe 
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(CN)6]3-, [Ru(CN)6]^, [Os(CN)6]^, [CoCCNj^^". [Rh(CN)6]3*. [lr(CN)6l3-. [Cr{CN)6]3-. [Re(CN)6]3-. Of those, more pre- 
ferred are hexacyano-Fe complexes for use in this embodiment. 

[0525] As hexacyano-metal complexes exist In the form of ions in their aqueous solutions, their counter cations are 
of no importance. Preferably, however, the counter cations for the complexes are any of alkali metal ions such as 

5 sodium, potassium, rubidium, cesium and lithium ions; ammonium ions, and all<ylammonium ions (e.g., tetramethyl- 
ammonium, tetraethylammonlum, tetrapropylammonium and tetra(n-butyl)ammonium ions), as they are well miscible 
with water and are favorable to the operation of precipitating silver halide emulsions. For the details of the hexacyano- 
metal complexes and the metals of Groups 8 to 1 0 of the Periodic Table and their metal complexes that may be added 
to the photosensitive silver halide grains for use in this embodiment, referred to are those described in the section of 

10 the first embodiment of the invention. 

«Gelatin» 

[0526] For the details of gelatin usable in the photosensitive silver halide emulsions in this embodiment, referred to 
15 are those described In the section of the first embodiment of the invention. 

«Chemicat Sensitization» 

[0527] The photosensitive silver halide for use in the eighteenth embodiment of the invention may undergo no chem- 
20 ical sensitization, but is preferably subjected to at least one chemical sensitization of chalcogen sensitization, gold 
sensitization or reduction sensitization. The chalcogen sensitization includes sulf ursensitization , selenium sensitization 
and tellurium sensitization. 

[0528] In sulfur sensitization, used is an unstable sulfur compound, for example, as in P. Grafkides' Chimie et Phy- 
sique Photographique (published by Paul Montel. 1987, Ed. 5) and Research Disclosure, Vol. 307, No. 307105. 

25 [0529] Concretely, known sulfur compounds such as thiosulfates (e.g., hypo), thioureas (e.g., diphenylthiourea, tri- 
ethylthiourea, N-ethyl-N'-(4-methyl-2-thiazolyl)thiourea, carboxymethyltrimethylthiourea), thioamides (e.g., thioaceta- 
mide), rhodanines (e.g., diethylrhodanine, 5-benzylidene-N-ethylrhodanine), phosphine sulfides (e.g., trimethylphos- 
phine sulfide), thiohydantoins, 4-oxo-oxazolyline-2-thiones, disulfides and polysulfides (e.g., dimorpholine disulfide, 
cystine, 1 .2,3,5.6-pentathlepane). polythionates, and sulfur element, as well as active gelatin are usable. In particular, 

30 thiosulfates, thioureas and rhodanines are preferred. 

[0530] For selenium sensitization, used is an unstable selenium compound, for example, as in JP-B 43-13489, 
44-15748; JP-A 4-25832, 4-109340, 4-271341, 5-40324, 5-11385; and Japanese Patent Application Nos. 4-202415, 
4-330496. 4-333030, 5-4203. 5-4204, 5-106977, 5-236583, 5-241642, 5-286916. 

[0531] Concretely usable are colloidal metal selenium, selenoureas (e.g., N.N-dimethylselenourea, trifluoromethyl- 
35 carbonyl-trimethylselenourea, acetyl-trimethylselenourea), selenamldes (e.g., selenamide, N,N-diethylphenylselena- 
mlde), phosphine selenides (e.g., triphenylphosphlne selenide, pentafluorophenyl-triphenylphosphine selenide), se- 
lenophosphates (e.g., tri-p-tolyl selenophosphate, tri-n-butyl selenophosphate), selenoketones (e.g., selenobenzophe- 
none), isoselenocyanates, selenocarboxylic acids, selenoesters, and diaceylselenides. Also usable are non-unstable 
selenium compounds such as selenious acid, seienocyanates, selenazoles and selenides, as in JP-6 46-4553 and 
40 52-34492. Especially pretended are phosphine selenides. selenoureas and seienocyanates. 

[0532] In tellurium sensitization, used is an unstable tellurium compound, for example, as in JP-A 4-224595, 
4-271341, 4-333043, 5-303157. 6-27573, 6-175258, 6-180478, 6-208186, 6-208184, 6-317867, 7-140579, 7-301879, 
7-301 880. 

[0533] Concretely usable are phosphine tellurides (e.g., butyl-diisopropylphosphine telluride, tributylphosphine tel- 
^5 luride, tributoxyphosphine telluride, ethoxy-diphenylphosphlne telluride), diacyl (dl)tellu rides (e.g., bis(diphenylcar- 
bamoyl) ditelluride, bis(N-phenyl-N-methylcarbamoyl) ditelluride. bis(N-phenyl-N-methylcarbamoyl) telluride, bis(N- 
phenyl-N-benzylcarbamoyl) telluride, bis(ethoxycarbonyl) telluride), telluroureas (e.g., N,N'-dimethylethylenetellurou- 
rea, N.N'-diphenylethylenetellurourea), telluramides, and telluro-esters. Especially preferred are diacyl (di)tellurides 
and phosphine tellurides; and more preferred are the compounds described in JP-A 11-65021 , paragraphs [0030], and 
50 the compounds of formulae (II), (III) and (IV) in JP-A 5-313284. 

[0534] For the chalcogen sensitization in the eighteenth embodiment of the invention, preferred are selenium sen- 
sitization and tellurium sensitization; and more preferred is tellurium sensitization. 

[0535] For gold sensitization, used is a gold sensitizer, for example, as in P. Grafkides' Chimie et Physique Photo- 
graphique (published by Paul Montel, 1987, Ed. 5) and Research Disclosure, Vol. 307, No. 307105. Concretely usable 
55 are chloroaurfc acid, potassium chloroaurate, potassium aurithiocyanate, gold sulfide, and gold selenide. In addition 
to these, also usable are noble metal salts with platinum, palladium or iridium except gold, for example, as in P 
Grafkides' Chimie et Physique Photographique (published by Paul Montel, 1 987, Ed. 5) and Research Disclosure, Vol. 
307. No. 307105, 
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[0536] Gold sensitization nnay be effected alone, but is preferably combined with chalcogen sensitization. Concretely, 
the combination includes gold-sulfur sensitization, gold-selenium sensitization, gold-tellurium sensitization, gold-sulfur- 
selenium sensitization, gold-sulfur-teilurium sensitization, gold-selenium-tellurium sensitization, and gold-sulfur-seie- 
nium-tellurium sensitization. 

5 [0537] In the eighteenth embodiment of the invention, the silver halides may be chemically sensitized in any stage 
after their formation but before their coating. For example, they may be chemically sensitized after desaited, but (1) 
before spectral sensitization, or (2) along with spectral sensitization, or (3) after spectral sensitization, or (4) just before 
coating. 

[0538] The amount of the chalcogen sensitizerfor use in the eighteenth embodiment of the invention varies, depend- 
10 ing on the type of the silver halide grains to be sensitized therewith and the condition for chemically ripening the grains, 
but may fall generally between 1 0-^ and 1 0-^ mols, preferably between 1 Q-^ and 1 0-2 mols or so, per mol of the silver 
halide. 

[0539] The amount of the gold sensitizer for use in the eighteenth embodiment of the invention also varies depending 
on various conditions. In general, it may fall between 10'^ and 10"2 mols, preferably between 1 0"^ and 5 x 10*^ mols, 
IS per mol of the silver halide. The ambient condition for chemical sensitization of the emulsions in the eighteenth em- 
bodiment of the invention is not defined at all. In general, the pAg is at most 8, preferably at most 7.0, more preferably 
at most 6.5, even more preferably at most 6.0, but is at least 1 .5, preferably at least 2.0, more preferably at least 2.5; 
the pH falls between 3 and 10, preferably between 4 and 9; and the temperature falls between 20 and BS^'C, preferably 
between 25 and 80" C or so. 

20 [0540] In the eighteenth embodiment of the invention, the chalcogen sensitization and the gold sensitization may be 
combined with reduction sensitization. Preferably, the chalcogen sensitization is combined with reduction sensitization. 
Preferred compounds for the reduction sensitization are ascorbic acid, thiourea dioxide and dimethylaminoborane, as 
well as stannous chloride, aminoiminomethanesulfintc acid, hydrazine derivatives, borane compounds, sllane com- 
pounds and polyamine compounds. The reduction sensitizer may be added to the grains in any stage of preparing the 

25 photosensitive emulsions including the stage of grain growth to just before coating the emulsions. Preferably, the emul- 
sions are subjected to such reduction sensitization while they are l^ept ripened at a pH of 8 or more and at a pAg of 4 
or less. Also preferably, they may be subjected to reduction sensitization while the grains are fomried with a single 
addition part of silver Ions being introduced thereinto. 

[0541 ] The amount of the reduction sensitizer varies depending on various conditions. In general, it may fall between 
30 1 0-7 and 1 0'"" mols, preferably between 1 Q-s and 5 x 1 0'2 mols, per mol of the silver halide to be sensitized therewith. 
[0542] Preferably, the photosensitive silver halide emulsions for use in the eighteenth embodiment of the invention 
contain an FED sensitizer (fragmentable electron donating sensitizer) of a compound capable of generating two elec- 
trons from one photon. Forthe FED sensitizerfor use herein, preferred are the compounds described in USP 5,413,909, 
5,482,825, 5,747,235, 5,747,236. 6.054,260. 5,994.051 , and Japanese Patent Application No. 2001 -86161 . The FED 
35 sensitizer may be added to the grains in any stage of preparing the photosensitive emulsions including the stage of 
grain growth to Just before coating the emulsions. The amount of the FED sensitizer to be added to the emulsion varies, 
depending on various condition, but may generally fall between 10"^ and 10'^ mols, but preferably between 10"^ and 
5 X 1 0"2 mols per mol of the silver halide in the emulsion. 

[0543] If desired, a thiosulfonic acid compound may be added to the silver halide emulsions for use in the eighteenth 
40 embodiment of the invention, for example, according to the method described in EP Laid-Open 293.917. 

[0544] Preferably, the photosensitive silver halide grains for use in the eighteenth embodiment of the invention are 
subjected to at least one chemical sensitization of gold sensitization and chalcogen sensitization for planning photo- 
thennographic materials of high sensitivity. 

45 «Sensiti2ing Dye» 

[0545] The photothemnographic material of the eighteenth embodiment of the invention may contain a sensitizing 
dye. Sensitizing dyes that are preferably selected for use herein are those which, after adsorbed by the silver halide 
grains, can spectrally sensitize the grains within a desired wavelength range and of which the spectral sensitivity well 

50 corresponds to the spectral characteristics of the light source to which the photothermographic materia) that contains 
the sensitizing dye is exposed. Preferably, the photothenmographic material of the eighteenth embodiment of the in- 
vention is so spectrally sensitized with the sensitizing dye therein that its spectral sensitivity peak may fall between 
600 nm and 900 nm or between 300 nm and 500 nm. For the details of sensitizing dyes usable herein and methods 
for adding them to the photothemnographic material, referred to are paragraphs [0103] to [0109] in JP-A 11-65021; 

55 compounds of fonnula (11) in JP-A 10-186572; dyes of formula (I) and paragraph [0106] in JP-A 11-119374; dyes de- 
scribed in USP 5,510,236, 3,871 ,887 (Example 5); dyes described in JP-A 2-96131 , 59-48753; from page 19, line 38 
to page 20, line 35 in EP Laid-Open 0803764A1 ; Japanese Patent Application Nos. 2000-86865, 2000-102560 and 
2000-205399. One or more such sensitizing dyes may be used herein either singly or as combined. 
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[0546] The amount of the sensitizing dye to be in the photothennographic material of the eighteenth embodiment of 
the invention may be varied to a desired one, depending on the sensitivity and the fogging resistance of the material. 
In general, It preferably falls between 1 0'^ and 1 mol, more preferably between 1 0--* and 1 0-^ mols, per mol of the silver 
halide in the Image-forming layer of the material. 
5 [0547] For its better spectral sensitization, the photothermographic material of the eighteenth embodiment of the 
invention may contain a supersensitlzer. For the supersensitizer, for example, usable are the compounds described in 
EP Lald-Open 587.338. USP 3.877.943, 4,873,184, and JP-A 5-341432, 11-109547 and 10-111543. 

«Combination of Siiver Halides» 

10 

[0548] The photothermographic material of the eighteenth embodiment of the invention may contain only one type 
or two or more different types of photosensitive silver halide grains (these will differ in their mean grain size, halogen 
composition or crystal habit, or in the condition for their chemical sensitization), either singly or as combined. Combining 
two or more types of photosensitive silver halide grains differing in their sensitivity will enable to control the gradation 
IS of the images to be fomied in the photothermographic material. For the technique relating to it, referred to are JP-A 
57-119341, 53-106125, 47-3929, 48-55730, 46-5187, 50-73627, 57-150841. The sensitivity difference between the 
combined silver halide grains is preferably such that the respective emulsions differ from each other at least by 0.2 logE. 

«Mode of Mixing Photosensitive Silver Halide and Organic Silver Salt» 

20 

[0549] Preferably, the photosensitive silver halide grains for use in the eighteenth embodiment of the invention are 
formed in the absence of a non-photosensitive organic silver salt, and are chemically sensitized. This is because silver 
halides prepared by adding a halogenating agent to an organic silver salt could not have high sensitivity. 
[0550] For mixing the silver halide and an organic silver salt having been prepared separately, for example, employ- 
es able is a method of mixing them in a high-perfomriance stirrer, a ball mill, a sand mill, a colloid mill, a shaking mill, a 
homogenizer or the like; or a method of adding the photosensitive silver halide having been prepared to the organic 
silver salt being prepared, in any desired timing to produce the organic silver salt mixed with the photosensitive silver 
halide. Any of these methods produces the advantages of the eighteenth embodiment of the invention. 

30 «f\Aode of Mixing Photosensitive Silver Halide in Coating Uquid» 

[0551] The prefen-ed time at which the silver halide grains are added to the coating liquid which is to fomn the image- 
fomning layer on the support of the photothenmographic material of the eighteenth embodiment of the invention may 
fall between 180 minutes before coating the liquid and a time just before the coating, more preferably between 60 

35 minutes before the coating and 10 seconds before It. However, there is no specific limitation thereon, so far as the 
method and the condition employed for adding the grains to the coating liquid ensure the advantages of the eighteenth 
embodiment of the invention. Concretely for mixing them, employable is a method of adding the grains to the coating 
liquid in a tank in such a controlled manner that the mean residence time for the grains in the tank, as calculated from 
the amount of the grains added and the flow rate of the coating liquid to a coater, could be a predetermined period of 

40 time; or a method of mixing them with a static mixer, for example, as in N. Harunby, M. F. Edwards & A. W. Nienow's. 
Liquid Mixing Technology, Chap. 8 (translated by Kojl Takahasi, published by Nikkan Kogyo Shinbun. 1989). 

<Non-photosensitive Organic Silver Salt> 

45 [0552] The non-photosensitive organic silver salt for use in the eighteenth embodiment of the invention is relatively 
stable to light, but, when heated at BO^'C or higher in the presence of an exposed photosensitive silver halide and a 
reducing agent, it forms a silver image. The organic silver salt may be any and every organic substance that contains 
a source having the ability to reduce silver ions. Some non-photosensitive organic silver salts of that type are described, 
for example, in JP-A 1 0-62899, paragraphs [0048] to [0049]; EP Laid-Open 0803764A1 , from page 1 8, line 24 to page 

so 19, line 37; EP Laid-Open 09628 1 2A1 ; JP-A 11-349591, 2000-7683. 2000-72711. Prefen-ed for use herein are silver 
salts of organic acids, especially silver salts of long-chain (C10 to C30, preferably C15 to C28) aliphatic carboxylic 
acids. Preferred examples of organic silver salts are silver behenate, silver arachidate, silver stearate, silver oleate, 
silver laurate, silver caproate, silver myrlstate, silver palmitate, and their mixtures. Of those, especially preferred for 
use in the eighteenth embodiment of the invention are organic silver salts having a silver behenate content of from 50 

55 rnol% to 1 00 mol%. More preferably, the silver behenate content of the salts falls between 75 mol% and 98 mol%. 
[0553] The organic silver salt for use in the eighteenth embodiment of the invention is not specifically defined for its 
morphology, and may be in any form of acicutar, rod-like, tabular or scaly solids. 

[0554] Scaly organic silver salts are preferred in the eighteenth embodiment of the invention, in this description, the 
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scaly organic silver salts are defined as follows: A sample of an organic silver salt to be analyzed is observed with an 
electronic microscope, and the grains of the salt seen in the field are approximated to rectangular parallelopipedons. 
The three different edges of the thus-approximated, one rectangular parallelopipedone are represented by a, b and c. 
a is the shortest, c is the longest, and c and b may be the same. From the shorter edges a and b, x is obtained according 
s to the following equation: 

X = b/a. 

10 [0555] About 200 grains seen in the field are analyzed to obtain the value x, and the data of x are averaged. Samples 
that satisfy the requirement of x (average) > 1 .5 are scaly. For scaly grains, preferably, 30 > x. (average) ^ 1.5, more 
preferably 20 ^ x (average) ^ 2.0. In this connection, the value x of acicular (needle-like) grains falls within a range of 
1 < X (average) < 1 .5. 

[0556] In the scaly grains, it is understood that a corresponds to the thickness of tabular grains of which the main 

15 plane is represented by b x c. In the scaly organic silver salt grains for use herein, a (average) preferably falls between 
0.01 ^m and 0.3 jxm, more preferably between 0.1 jxm and 0.23 ^m; and c/b (average) preferably falls between 1 and 
6, more preferably between 1 and 4, even more preferably between 1 and 3, still more preferably between 1 and 2. 
[0557] Regarding its grain size distribution, the organic silver salt Is preferably a mono-dispersed one. Mono-disper- 
sion of grains referred to herein is such that the value (in temns of percentage) obtained by dividing the standard 

20 deviation of the minor axis and the major axis of each grain by the minor axis and the major axis thereof, respectively, 
is preferably at most 1 00 %, more preferably at most 80 %, even more preferably at most 50 %. To detemiine its 
morphology, a dispersion of the organic silver salt may be analyzed on its image taken by the use of a transmission 
electronic microscope. Another method for analyzing the organic silver salt for mono-dispersion morphology comprises 
determining the standard deviation of the volume weighted mean diameter of the salt grains. In the method, the value 

25 in terms of percentage (coefficient of variation) obtained by dividing the standard deviation by the volume weighted 
mean diameter of the salt grains is preferably at most 100 %, more preferably at most 80 %, even more preferably at 
most 50 %. Concretely, for example, a sample of the organic sih/er salt is dispersed in a liquid, the resulting dispersion 
is exposed to a laser ray, and the self-congelation coefficient of the salt grains relative to the time-dependent change 
of the degree of fluctuation of the scattered ray is obtained. Based on this, the grain size (volume weighted mean 

30 diameter) of the salt grains is obtained. 

[0558] For preparing and dispersing the organic silver salts for use in the eighteenth embodiment of the invention, 
employable is any known method. For it, for example, referred to are JP-A 1 0-62899; EP Laid-Open 0803763A1 and 
096281 2A1; JP-A 11-349591, 2000-7683, 2000-72711, 2001-163827, 2001-163889, 2001-163890, 11-203413; and 
Japanese Patent Application Nos. 2000-90093, 2000-195621, 2000-191226, 2000-213813, 2000-214155. 

35 2000-191226. 

[0559] In the eighteenth embodiment of the invention, an aqueous dispersion of an organic sliver salt may be mixed 
with an aqueous dispersion of a photosensitive silver salt to prepare the coating liquid for the photothermographic 
material. Mixing two or more different types of aqueous, organic silver salt dispersions with two or more different types 
of aqueous, photosensitive silver salt dispersions is preferred for suitably controlling the photographic properties of the 
40 photothermographic material of this embodiment. 

[0560] In the eighteenth embodiment of the invention, the amount of the organic silver salt to be used may be any 
desired one. Preferably, it falls between 0.1 and 5 g/m2, more preferably between 1 and 3 g/m^, even more preferably 
between 1 .2 and 2.5 gfm^ in temis of silver in the salt. 

45 <Reducing Agent> 

[0561] The photothennographic material of the eighteenth embodiment of the invention contains a reducing agent 
for the organic silver salt therein. The reducing agent may be any and every substance capable of reducing silver ions 
into metal silver, but is preferably an organic substance. Some examples of the reducing agent are described in JP-A 
50 11-65021, paragraphs [0043] to [0045], and in EP Laid-Open 0803764, from page 7, line 34 to page 18, line 12. 

[0562] Especially preferred for the reducing agent in the eighteenth embodiment of the invention are hindered phenol- 
type reducing agents and bisphenol-type reducing agents that have an ortho-posltioned substituent relative to the 
phenolic hydroxyl group therein, and more preferred are compounds of the following general formula (R*): 

55 
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General Formula (R') 



[0563] In formula (R'), R"*^ and R^^' each independently represent an alkyi group having from 1 to 20 carbon atoms; 
R12 and R^2' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring; L 
represents -S- or -CHR^^.; ri3 represents a hydrogen atom, or an alkyI group having from 1 to 20 carbon atoms; 
and X1* each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
[0564] The substituents in formula (R') are described. 

1) R11 and R11': 

[0565] R^i and R^^' each independently represent a substituted or unsubstituted alkyI group having from 1 to 20 
carbon atoms. The substituent for the alky! group is not specifically defined, but preferably includes, for example, an 
aryl group, a hydroxyl group, an alkoxy group, an aryloxy group, an alkylthio group, an arylthio group, an acylamino 
group, a sulfonamido group, a sulfonyl group, a phosphoryl group, an acyl group, a carbamoyl group, an ester group, 
and a halogen atom. 

2) Ri2and R^z*, and X^*: 

[0566] Ri2 and R''^' each independently represent a hydrogen atom, or a substituent substitutable to the benzene 
ring. X"" and X""' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
Preferred examples of the substituent substitutable to the benzene ring are an alkyI group, an aryl group, a halogen 
atom, an alkoxy group, and an acylamino group. 

3) L: 

[0567] L represents a group of -S- or -CHRi^-. R13 represents a hydrogen atom or an alkyI group having from 1 to 
20 carbon atoms. The alkyI group may be substituted. 

[0568] Specific examples of the unsubstituted alky! group for R^^ are methyl, ethyl, propyl, butyl, heptyl, undecyl, 
isopropyl, 1 -ethylpentyl and 2,4,4-trimethylpentyl groups. 

[0569] For the substituent for the substituted alkyl group for R^^, referred to are those mentioned hereinabove for 
the substituted alkyl group for R^V Concretely, it Includes a halogen atom, an alkoxy group, an alkylthio group, an 
aryloxy group, an arylthio group, an acylamino group, a sulfonamido group, a sulfonyl group, a phosphoryl group, an 
oxycarbonyl group, a carbamoyl group, and a sulfamoyi group. 

4) Preferred substituents: 

[0570] For R^^ and R^^', preferred is a secondary or tertiary alkyl group having from 3 to 15 carbon atoms. Concretely, 
prefen'ed examples of the alkyl group are Isopropyl, Isobutyl, t-butyl, t-amyl, t-octyl, cyclohexyl, cyclopentyl, 1 -methyl- 
cyclohexyl and 1 -methylcyclopropyl groups. For R^^ and more preferred is a tertiary alky! group having from 4 to 
12 carbon atoms; even more prefen-ed is any of t-butyl, t-amyl and 1 -methylcycohexyl groups; and most preferred is 
a t-butyl group. 

[0571] Preferably, Ri2 and R^^' each are an alkyl group having from 1 to 20 carbon atoms, concretely including, for 
example, methyl, ethyl, propyl, butyl, isopropyl, tert-butyl, tert-amyl, cyclohexyl, 1-methylcyclohexyl, benzyl, meth- 
oxymethyl and methoxyethyl groups. For these, more preferred are methyl, ethyl, propyl, isopropyl and tert-butyl 
groups. 

[0572] Also preferably, X^ and X^' each are a hydrogen atom, a halogen atom or an alkyl group: and more preferably, 
they are both hydrogen atoms. 
[0573] L is preferably -CHR13-. 
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[0574] Also preferably, R^^ is a hydrogen atom, or an alkyi group having fronn 1 to 15 carbon atoms. Preferred ex- 
amples of the alkyI group are methyl, ethyl, propyl, isopropyl and 2,4,4-trimethylpentyl groups. More preferably, R^^ jg 
a hydrogen atom, a methyl group, a propyl group or an isopropyl group. 

[0575] In case where R'*^ is a hydrogen atom, R^2 and ris" each are preferably an alkyI group having from 2 to 5 
carbon atoms, more preferably an ethyl or propyl group, most preferably, they are both ethyl groups. 
[0576] In case where Rt^ is a primary or secondary alkyI group having from 1 to 8 carbon atoms, R''^ and R^^ are 
preferably both methyl groups. The primary or secondary alky! group having from 1 to 8 carbon atoms for is pref- 
erably a methyl, ethyl, propyl or isopropyl group, more preferably a methyl, ethyl or propyl group. 
[0577] In case where R'*^ R"""*', R''2 and R''^' are all methyl groups, R"'^ is preferably a secondary alkyI group. The 
secondary alkyI group for R''^ is preferably an isopropyl, isobutyl or 1-ethylpentyl group, more preferably an isopropyl 
group. 

[0578] Depending on the combination of R^^ R^^', R^2^ Riz'andR^^ therein, the reducing agents differ in their thermal 
devetopability. Combining two or more different types of reducing agents enables to control the thermal developabllity 
of the combined ones. Depending on their object, therefore, combining them will be preferred in the invention. 
[0579] Examples of the compounds of formula (R*) for use in the eighteenth embodiment of the invention are men- 
tioned below, to which, however, the invention of this embodiment is not limited. 
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(R' -3 1) (R* -3 2) 




[0580] Especially preferred are Compounds (R'-1) to (R'-20). 

[0581] Preferably, the amount of the reducing agent to be In the photothermographic material of the eighteenth em- 
bodiment of the invention falls between 0.01 and 5.0 g/m2, more preferably between 0.1 and 3.0 g/m2. Also preferably, 
the amount of the reducing agent to be in the material falls between 5 and 50 mol%, more preferably between 10 and 
40 mol% per mol of silver existing in the face of the image-fonning layer of the material. 

[0582] In the eighteenth embodiment of the invention, the reducing agent may be added to the image-forming layer 
that contains an organic silver salt and a photosensitive silver hallde. and to Its neighboring layers, but is preferably 
added to the Image-fonning layer. 

[0583] In this embodiment, the reducing agent may be in any forni of solution, emulsified dispersion or fine solid 
particle dispersion, and may be added to the coating liquid In any known method so as to be Incorporated into the 
photothermographic material of the invention, 

[0584] One well known method of emulsifying the reducing agent to prepare Its dispersion comprises dissolving the 
reducing agent in an auxiliary solvent such dibutyl phthalate. tricresyl phosphate, glyceryl triacetate, diethyl phthalate 
or the like oily solvent, or in ethyl acetate or cyclohexanone, followed by mechanically emulsifying it into a dispersion. 
[0585] For preparing a fine solid particle dispersion of the reducing agent, for example, employable is a method that 
comprises dispersing a powder of the reducing agent in water or in any other suitable solvent by the use of a ball mill 
a colloid mill, a shaking ball mill, a sand mill, a Jet mill or a roller mill, or ultrasonically dispersing it therein to thereby 
prepare the Intended solid dispersion of the reducing agent. For this, preferred is a sand mill. In this method, optionally 
used Is a protective colloid (e.g., polyvinyl alcohol), and a surfactant (e.g.. anionic surfactant such as sodium triisopro- 
pylnaphthalenesulfonate - this Is a mixture of the salts in which the three isopropyl groups are all in different positions). 
If desired, the aqueous dispersion may contain a preservative (e.g., sodium benzoisothiazolinone). 
[0586] Especially preferably, the reducing agent is in the fomi of its solid particle dispersion having a mean particle 
size of from 0.01 ^im to 1 0 jim. desirably from 0.05 jim to 5 \Lm, more desirably from 0.1 jim to 1 jim. In this embodiment, 
it is also desirable that the other solid dispersions have a mean particle size falling within the range. 

<Development Acceieratoi> 

[0587] Preferably, the photothermographic material of the eighteenth embodiment of the Invention contains a devel- 
opment accelerator. Preferred examples of the development accelerator are sulfonamidophenol compounds of fonnula 
(A) in JP^ 2000-267222 and 2000-330234; hindered phenol compounds of formula (II) in JP-A 2001-92075; com- 
pounds of formula (I) in JP.A 1 0-62895 and 1 1 -1 51 1 6; hydrazine compounds of formula (D) in JP-A 2002-1 56727 and 
formula (I) in Japanese Patent Application No. 2001 -074278; and phenol or naphthol compounds of formula (2) in JP-A 
2001-264929. The amount of the development accelerator to be in the material may fall between 0.1 and 20 mol%, 
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but preferably between 0.5 and 1 0 mol%, more preferably between 1 and 5 mol% relative to the reducing agent therein. 
The development accelerator may be introduced Into the material like the reducing agent thereinto. 
[0588] Of the development accelerators mentioned above, especially preferred for use In the eighteenth embodiment 
of the invention are hydrazine compounds of fomriula (D) described In JP-A 2002-156727, and phenol or naphthol 
compounds of fomnula (2) described in JP-A 2001-264929. 

[0589] Compounds of the following general formulae (A"-1) and (A"-2) are especially preferred for the development 
accelerator for the eighteenth embodiment of the invention. 

General Fomnula (A"-1) Q1-NHNH-Q2 

wherein Q1 represents an aromatic or heterocyclic group that bonds to -NHNH-Q2 via its cariDon atom; Q2 represents 
a carbamoyl group, an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, a sulfonyl group or a sulfamoyi 

group. 

[0590] In formula (A"-1), the aromatic or heterocyclic group for Q1 is preferably a 5- to 7-membered unsaturated 
ring. Preferred examples of the ring are benzene, pyridine, pyrazine, pyrimidine, pyridazine, 1 ,2,4-trlazine, 1,3,5-tri- 
azlne, pyrrole, Imidazole, pyrazole, 1 ,2,3-triazole. 1 ,2,4-trlazole, tetrazole, 1 ,3,4-thladiazole, 1 ,2.4-thladlazole, 
1 ,2,5-thladiazoIe, 1 ,3.4-oxadlazole, 1 ,2,4-oxadlazole, 1 ,2,5-oxadiazole, thiazole, oxazole, Isothiazole, Isoxazole and 
thiophene rings, and their condensed rings. 

[0591 ] These rings may be substituted. In case where they have two or more substituents, the substituents may be 
the same or different. Examples of the substituents are a halogen atom, an alkyi group, an aryl group, a carbonamido 
group, an alkylsulfonamido group, an arylsulfonamido group, an alkoxy group, an aryloxy group, an alkylthio group, 
an arylthio group, a carbamoyl group, a sulfamoyi group, a cyano group, an alkylsuffonyl group, an arylsulfonyl group, 
an alkoxycarbonyl group, an aryloxycarbonyl group, and an acyl group. If possible, the substituents may be further 
substituted with any other substituents. Preferred examples of the additional substituents for them are a halogen atom, 
an alkyI group, an aryl group, a carbonamido group, an alkylsulfonamido group, an arylsulfonamido group, an alkoxy 
group, an aryloxy group, an alkylthio group, an arylthio group, an acyl group, an alkoxycarbonyl group, an aryloxycar- 
bonyl group, a carbamoyl group, a cyano group, a sulfamoyi group, an alkylsulfonyl group, an arylsulfonyl group, and 
an acyloxy group. 

[0592] The carbamoyl group for Q2 preferably has from 1 to 50 carbon atoms, more preferably from 6 to 40 carbon 
atoms, including, for example, unsubstituted carbamoyl, methylcarbamoyi, N-ethylcarbamoyl, N-propylcarbamoyI, N- 
sec-butylcarbamoyl, N-octylcarbamoyI, N-cyclohexylcarbamoyI, N-tert-butylcarbamoyl, N-dodecylcarbamoyI, N-(3-do- 
decyloxypropyl)carbamoyl, N-octadecylcarbamoyI, N-{3-(2,4-tert-pentylphenoxy)propyl)carbamoyl, N-(2-hexyldecyl) 
carbamoyl, N-phenylcarbamoyl, N-(4-dodecyloxyphenyl)carbamoyl, N-(2-chloro-5-dodecyloxycarbonylphenyl)car- 
bamoyi, N-naphthylcarbamoyI, N-3-pyrjdylcarbamoyl and N-benzylcarbamoyI groups. 

[0593] The acyl group for Q2 preferably has from 1 to 50 carbon atoms, more preferably from 6 to 40 carbon atoms, 
including, for example, fomnyl. acetyl, 2-methylpropanoyl, cyclohexylcarbonyl, octanoyi, 2-hexyldecanoyl, dodecanoyi, 
chloroacetyl, trifluoroacetyl, benzoyl, 4-dodecyloxybenzoyl and 2-hydroxymethylbenzoyl groups. The alkoxycarbonyl 
group for Q2 preferably has from 2 to 50 carbon atoms, more preferably from 6 to 40 carbon atoms, including, for 
example, methoxycarbonyl, ethoxycarbonyl, isobutyloxycart3onyl, cyclohexyloxycarbonyl, decyloxycartaonyl and ben- 
zyloxycarbonyi groups. 

[0594] The aryloxycarbonyl group for Q2 preferably has from 7 to 50 carbon atoms, more preferably from 7 to 40 
carbon atoms, including, for example, phenoxycarbonyl, 4-octyloxyphenoxycarbonyl, 2-hydroxymethylphenoxycarbo- 
nyl and 4-dodecyloxyphenoxycarbonyl groups. The sulfonyl group for Q2 preferably has from 1 to 50 carbon atoms, 
more preferably from 6 to 40 carbon atoms, including, for example, methylsulfonyl, butylsulfonyl, octylsulfonyl, 2-hex- 
adecylsulfonyl, 3-dodecyloxypropylsulfonyl, 2-octyloxy-5-tert-octylphenylsulfonyl and 4-dodecyloxyphenylsulfonyl 
groups. 

[0595] The sulfamoyi group for Q2 preferably has from 0 to 50 carbon atoms, more preferably from 6 to 40 carbon 
atoms, including, for example, unsubstituted sulfamoyi, N-ethylsulfamoyl,N-(2-ethylhexyl)sulfamoyl,N-decylsulfamoyl. 
N-hexadecylsulfamoyI, N-{3-(2-ethy!hexyloxy)propyl)sulfamoyl, N-(2-chloro-5-dodecyloxycarbonylphenyl)sulfamoyl 
and N-(2-tetradecyloxyphenyl)sulfamoyl groups. At its substitutable position, the group Q2 may be further substituted 
with any of the substituents mentioned hereinabove for the 6- to 7-membered unsaturated ring for Q1 . In case where 
the group Q2 has two or more substituents, the substituents may be the same or different. 

[0596] Preferred examples of the compounds of fonmula (A"-1 ) are mentioned below. Q1 is preferably a 5- or 6-mem- 
bered unsaturated ring, more preferably any of benzene, pyrimidine, 1,2,3-triazole, 1 ,2,4-triazole. tetrazole, 1,3,4-thi- 
adiazole, 1 ,2,4-thiadiazole, 1 ,3,4-oxadiazole, 1 ,2,4-oxadlazole, thiazole, oxazole, Isothiazole and isoxazole rings. Also 
preferably, these rings may be condensed with a benzene or unsaturated hetero ring to form condensed rings. Q2 is 
preferably a carbamoyl group, more preferably that having a hydrogen atom bonding to the nitrogen atom therein. 
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General Formula (A"-2) 
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[0597] In formula (A''-2), represents an alkyi group, an acyl group, an acylamino group, a sulfonamldo group, an 
alkoxycarbonyl group, or a carbamoyl group; Rg represents a hydrogen atom, a halogen atom, an alky! group, an alkoxy 
group, an aryloxy group, an alkylthio group, an arylthio group, an acyloxy group, or a carbonate group; and R3 and R4 
each represent a group substltutable to the benzene ring, for which referred to are the examples of the substituent 
mentioned hereinabove for formula (A^-l). R3 and R4 may bond to each other to form a condensed ring. 
[0598] Preferably, R^ is an alkyI group having from 1 to 20 carbon atoms (e.g., methyl, ethyl, isopropyl, butyl, tert- 
octyl, cyclohexyl), an acylamino group (e.g., acetylamino, benzoylamino, methylureido, 4-cyanophenylureldo), a car- 
bamoyl group (e.g., n-buty {carbamoyl , N.N-diethylcarbamoyI, phenylcarbamoyi, 2-chlorophenylcarbamoyl. 2,4-dichlo- 
rophenylcarbamoyl), and Is more preferably an acylamino group (including ureido and urethane groups). 
[0599] Also preferably R2 Is a halogen atom (more preferably, chlorine or bromine), an alkoxy group (e.g., methoxy, 
butoxy, n-hexyloxy, n-decyloxy, cyclohexyloxy, benzyloxy), or an aryloxy group (e.g., phenoxy, naphthoxy). 
[0600] Also preferably, R3 is a hydrogen atom, a halogen atom, or an alkyI group having from 1 to 20 carbon atoms, 
most preferably a halogen atom. R4 is preferably a hydrogen atom, an alkyI group, or an acylamino group, more pref- 
erably an alkyI group or an acylamino group. For the preferred examples of these groups, refen^ed to are those men- 
tioned hereinabove for R.,. In case where R4 is an acylamino group, it may bond to R3 to fomn a carbostyryl ring. 
[0801 ] In case where R3 and R4 in fomnula (A"-2) bond to each other to fonn a condensed ring, the condensed ring 
Is especially preferably a naphthalene ring. The naphthalene ring may be substituted. For the substltuents for the ring, 
referred to are those mentioned hereinabove for fomiula (A"-1). In case where the compounds of fomiula (A"-2) are 
naphthol compounds, R., therein is preferably a carbamoyl group, more preferably a benzoyl group. In those, R2 is 
preferably an alkoxy group or an aryloxy group, more preferably an alkoxy group. 

[0602] Preferred examples of the development accelerators for use in the eighteenth embodiment of the Invention 
are mentioned below, to whteh, however, this embodiment Is not limited. 
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<Hydrogen Bonding Type Compound> 

[0603] A Hydrogen bonding type compound may be in the photothemiographic material of the eighteenth embodi- 
ment of the invention, and the compound Is described. 

[0604] In case where the reducing agent in the eighteenth embodiment of the invention has an aromatic hydroxy) 
group (-0H). especially when It is any of the above-mentioned bisphenols, the reducing agent is preferably combined 
with a non-reducing compound that has a group capable of fomiing a hydrogen bond with the group in the reducing 
agent. 

[0605] The group capable of fonning a hydrogen bond with the hydroxyl group or the amino group in the reducing 
agent Includes, for example, a phosphoryi group, a sulfoxide group, a sulfonyl group, a cari3onyl group, an amido group, 
an ester group, an urethane group, an ureido group, a tertiary amino group, and a nitrogen<:ontaining aromatic group! 
Of those, prefen-ed are a phosphoryi group, a sulfoxide group, an amido group (not having a group of >N-H but is 
blocked to fomn >N-Ra. in which Ra is a substituent except H). an urethane group (not having a group of >N-H but is 
bloclced to fomi >N-Ra, In which Ra Is a substituent except H), an ureido group (not having a group of >N-H but is 
blocked to fomi >N-Ra, in which Ra Is a substituent except H). 

[0606] Especially preferred examples of the Hydrogen bonding type compound for use in the eighteenth embodiment 
of the invention are those of the following general fomiula (D*): 
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General Formula (D*) 



[0607] In formula (D'), R2i to R23 each Independently represent an alkyi group, an aryl group, an alkoxy group, an 
aryloxy group, an amino group or a heterocyclic group. These may be unsubstituted or substituted. 
[0608] The substituents for the substituted groups for R^i to R23 are, for example, a halogen atom, an alkyl group, 
an aryl group, an alkoxy group, an amino group, an acyl group, an acylamino group, an alkylthio group, an arylthio 
group, a sulfonamldo group, an acyloxy group, an oxycarbonyl group, a carbamoyl group, a sulfamoyi group, a sulfonyl 
group and a phosphoryl group. Of the substituents, preferred are an alkyl group and an aryl group, including, for ex- 
ample, methyl, ethyl, isopropyl, t-butyl, t-octyl, phenyl, 4-alkoxyphenyl and 4-acyloxyphenyl groups. 
[0609] The alkyl group for R21 to R23 includes, for example, methyl, ethyl, butyl, octyl, dodecyl, isopropyl, t-butyl, t- 
amyl, t-octyl, cyclohexyl, 1-methylcyclohexyl, benzyl, phenethyl and 2-phenoxypropyl groups. 
[0610] The aryl group for these includes, for example, phenyl, cresyl, xylyl, naphthyl, 4-t-butylphenyl, 4-t-octylphenyl. 
4-anisidyl and 3,5-dichlorophenyl groups. 

[0611] The alkoxy group forthese includes, for example, methoxy. ethoxy, butoxy, octyloxy, 2-ethylhexyloxy, 3,5,5-tri- 
methylhexyloxy, dodecyloxy, cyclohexyloxy, 4-methylcyclohexyloxy and benzyloxy groups. 

[0612] The aryloxy group for these includes, for example, phenoxy, cresyloxy, Isopropylphenoxy, 4-t-butylphenoxy, 
naphthoxy and biphenyloxy groups. 

[0613] The amino group for these includes, for example, dimethylamino, diethylamino, dibutylamino, dioctylamino, 
N-methyl-N-hexylamino, dicyclohexylamino, diphenylamino and N-methyl-N-phenylamino groups. 
[0614] For R^"" to R23, preferred are an alkyl group, an aryl group, an alkoxy group and an aryloxy group. From the 
viewpoint of the advantages of the eighteenth embodiment of the Invention, it is preferable that at least one of R^^ to 
r23 is an alkyl group or an aryl group, and it is more desirable that at least two of them are any of an alkyl group and 
an aryl group. Even more preferably, R21 to R23 are the same as the compounds of the type are inexpensive. 
[0615] Specific examples of the compounds of formula (D') and other Hydrogen bonding type compounds usable in 
the eighteenth embodiment of the invention are mentioned below, to which, however, this embodiment is not limited. 
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(D'-13) 
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[0616] Apart from the above, other Hydrogen bonding type compounds such as those described in EP 1096310, 

JP-A 2002-156727 and Japanese Patent Application No. 2001-124796 are also usable herein. 

[0617] Like the reducing agent mentioned above, the Hydrogen bonding type compound may be added to the coating 

25 liquid for the photothemiographic material of the eighteenth embodiment of the invention, for example, in the form of 
its solution, emulsified dispersion or solid particle dispersion. In its solution, the compound may fomn a hydrogen- 
bonding complex with a compound having a phenolic hydroxyl group. Depending on the combination of the reducing 
agent and the compound of fomiula (A) for use in this embodiment, the complex may be isolated as its crystal. 
[0618] Thus isolated, the crystal powder may be formed into its solid particle dispersion, and the dispersion is espe- 

30 daily preferred for use herein for stabilizing the photothermographic material of the eighteenth embodiment of the 
Invention. As the case may be, the reducing agent and the Hydrogen bonding type compound may be mixed both in 
powder optionally along with a suitable dispersant added thereto in a sand grinder mill or the like to thereby fomrj the 
intended complex In the resulting dispersion. The method Is also preferred in this embodiment. 
[0619] Preferably, the amount of the Hydrogen bonding type compound to be added to the reducing agent in this 

35 embodiment falls between 1 and 200 mol%, more preferably between 1 0 and 1 50 mol%, even more preferably between 
30 and 100 mol% relative to the reducing agent. 

<Binder> 

40 [0620] For the details of the binder to be in the organic silver salt-containing layer in this embodiment, referred to 
are those described in the section of the first embodiment of the invention. 

<Sotvent Preferred for Coating Uquid> 

45 [0621] For the details of the solvent for the coating liquid to form the organic silver salt-containing layer in the pho- 
tothennographlc material of this embodiment, referred to are those described in the section of the first embodiment of 
the Invention. 

<Antifoggant> 

50 

[0622] For the antifoggant for the eighteenth embodiment of the invention, prefenred are compounds of fomiula (H): 

General Formula (H) Q-(Y)n-C(Zi )(Z2)X 

55 

[0623] For the details of the compound of f omriula (H) for use In this embodiment, referred to are those described In 
the section of the first embodiment of the Invention. 

[0624] Preferably, the amount of the compound of fomriula (H) to be in the photothenmographic material of the elght- 
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eenth embodiment of the invention falls between 10^ and 0.8 mols, more preferably between 10*3 and 0.1 mols, even 
more preferably between 5 x 10*3 and 0.05 mols per mol of the non-photosensitive silver salt in the image-forming 
layer of the material. 

[0625] In particular, since a silver iodide-rich silver halide emulsions are used in this embodiment, it is a matter of 
great importance to add the compound of fomiula (H) to the photothermo graphic material for ensuring the fogging 
resistance of the material. Most preferably, the amount of the compound to be added to the material falls between 5 
X 10-3 and 0.03 mols. 

[0626] In this embodiment, the compound of fomiula (H) may be added to the photothermographic material like the 
reducing agent thereto. 

[0627] Preferably, the compounds of formula (H) have a melting point not higher than 200*'C, more preferably not 
higher than 170*'C. 

[0628] For other organic polyhalogen compounds usable in the eighteenth embodiment of the invention, referred to 
are those disclosed in JP-A 11-65021. paragraphs [0111] to [0112). In particular, the organic halogen compounds of 
fonnula (P) in Japanese Patent Application No. 11-87297, the organic polyhalogen compounds of formula (II) In JP-A 
10-339934, and the organic polyhalogen compounds described in Japanese Patent Application No. 11-205330 are 
preferred for use in this embodiment. 

<Other Antifoggants> 

[0629] For the details of other antlfoggants employable in this embodiment, refen-ed to are those described in the 
section of the first embodiment of the invention. Especially for the details of azolium salts employable In this embodi- 
ment, also referred to are those described in the section of the first embodiment of the Invention. 

<Other Addit(ves> 

[0630] For the details of other additives (mercapto compounds, disulfide compounds, thione compounds, toning 
agents, plasticizers, lubricants, dyes, pigments, super-hardeners) that are employable In this embodiment, refen-ed to 
are those described in the section of the first embodiment of the invention. 

«Preparation of Coating Liquid» 

[0631] In the eighteenth embodiment of the invention, the coating liquid for the image-forming layer is prepared 
preferably at a temperature falling between 30'C and 65-C, more preferably between 35«»C and lower than 60«C. even 
more preferably between SS^'C and 55»C. Also preferably, the coating liquid for the Image-forming layer is kept at a 
temperature falling between 30'C and 65'C just after addition of polymer latex thereto. 

<Layer Constitution> 

[0632] The photothennographic material of the eighteenth embodiment of the invention may have non-photosensitive 
layers in addition to Image-forming layers. Depending on their positions, the non-photosensitive layers are classified 
into (a) a surface protective layer to be disposed on an image-forming layer (remoterfrom the support than the Image- 
forming layer); (b) an Interiayer to be disposed between adjacent image-fonning layers or between an Image-forming 
layer and a protective layen (c) an undercoat layer to be disposed between an image-forming layer and a support; (d) 
a back layer to be disposed on a support opposite to an Image-fonning layer 

[0633] In this embodiment, the photothenmographic material may optionally have additional layers serving as an 
optical fitter. The layers (a) and (b) may be those serving as an optical filter The layers (c) and (d) may be antihalatlon 
layers in the material. 

«Surface Protective Layer» 

[0634] The photothennographic material of the eighteenth embodiment of the invention may have a surface protective 
layer for preventing the image-fonning layerfrom being blocked. The surface protective layer may have a single-layered 
or multi-layered structure. The details of the surface protective layer are described, for example, in JP-A 1 1 -65021 , 
paragraphs [0119] to [0120], and in Japanese Patent Application No. 2000-171936. 

[0635] Gelatin is preferred for the binder in the surface protective layer in this embodiment of the invention, but for 
it, polyvinyl alcohol (PVA) is also usable alone or combined with gelatin. Gelatin for use herein may be inert gelatin (e. 
g., Nitta Gelatin 750). or gelatin phthalide (e.g.. Nitta Gelatin 801). Examples of PVA usable herein are described in. 
for example, JP-A 2000-1 71 936. paragraphs [0009] to [0020]. Preferred example of PVA for use herein are completely 
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saponified PVA-105; partially saponified PVA-205, PVA-355; and modified polyvinyl alcohol, MP-203 (all commercial 
products of Kuraray). The polyvinyl alcohol content (per of the support) of one protective layer preferably falls 
between 0.3 and 4.0 g/m^, more preferably between 0.3 and 2.0 g/nn^. 

[0636] The overall binder content (including water-soluble polymer and latex polymer, per m^ of the support) of one 
5 protective layer preferably falls between 0.3 and 5.0 g/m2, more preferably between 0.3 and 2.0 g/m2. 

«Antihalation Layer» 

[0637] For the details of the antihalatlon layer to be in the photolhermographic materia! of this embodiment, referred 
10 to are those described in the section of the first embodiment of the invention. 

«Back Layer» 

[0638] For the details of the back layer to be in the photolhermographic material of this embodiment, referred to are 
IS those described in the section of the first embodiment of the Invention. 

«Matting Agent» 

[0639] For the details of the matting agent for use in this embodiment, referred to are those described in the section 
20 of the first embodiment of the invention. 

«Polymer Latex» 

[0640] If desired, polymer latex may be added to the surface protective layer and the back layer of the photother- 

25 mographic material of the eighteenth embodiment of the Invention. 

[0641 ] The polymer latex that is employable herein is described in, for example, Synthetic Resin Emulsions (by Taira 
Okuda & Hiroshi Inagaki, the Polymer Publishing Association of Japan, 1978); Applications of Synthetic Latexes (by 
Takaaki Sugimura, Yasuo Kataoka, Sohichi Suzuki & Keiji Kasahara, the Polymer Publishing Association of Japan, 
1993); and Chemistry of Synthetic Latexes (by Sohichi Muroi, the Polymer Publishing Association of Japan, 1970). 

30 Concretely, it includes, for example, methyl methacrylate (33.5 wt.%)/ethyl acrylate (50 wt.%)/methacrylic acid (16.5 
wt.%) copolymer latex; methyl methacrylate (47.5 wt.%)/butadlene (47.5 wt.%)/itaconic acid (5 wt.%) copolymer latex; 
ethyl acrylate/methacryllc acid copolymer latex; methyl methacrylate (58.9 wt.%)/2-ethylhexyl acrylate (25.4 wt.%)/ 
styrene (8.6 wt.%)/2-hydroxyethyl methacrylate (5.1 wl.%)/acryllc acid (2.0 wt.%) copolymer latex; and methyl meth- 
acrylate (64.0 wt.%)/styrBne (9.0 wt.%)/buty! acrylate (20.0 wt.%)/2-hydroxyethyI methacrylate (5.0 wt.%)/acrylic acid 

35 (2.0 wt.%) copolymer latex. 

[0642] The ratio of the polymer latex in the surface protective layer or the back layer preferably falls between 10 % 
by weight and 90 % by weight, more preferably between 20 % by weight and 80 % by weight of all the binder (including 
water-soluble binder and latex polymer) In the layer. 

40 «pH of Film Surface» 

[0643] For the details of the pH of the film surface In this embodiment, refen-ed to are those described in the section 
of the first embodiment of the invention. 

45 «Hardening Agent» 

[0644] For the details of hardening agent for use In this embodiment, refen^ed to are those described in the section 
of the first embodiment of the invention. 

so «Surfactant and Others» 

[0645] For the details of the surfactant and others for use In this embodiment, referred to are those described In the 
section of the first embodiment of the invention. 

55 «Antistatic Agent» 

[0646] The photothennographlc material of the eighteenth embodiment of the Invention may have an antistatic layer 
that contains any of various known metal oxides or electroconductive polymers. In this, the antlstatte layer may serve 
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also as the back layer and the back surface protective layer mentioned above, or may be provided separately from 
them. For the details of the antistatic layer, for example, referred to are the techniques disclosed in JP-A 11-65021, 
paragraph [0135]; JP-A 56-143430. 56-143431. 58-62646, 56-120519; JP^ 11-84573, paragraphs [0040] to [0051]; 
USP 5.575.957; and JP^ 11-223898. paragraphs [0078] to [0084]. 

«Support» 

[0647] Transparent supports are preferred for the photothermographic material of this embodiment is transparent. 
For the transparent supports, preferred are biaxlalty-stretched films of polyesters, especially polyethylene terephthalate 
heated at a temperature falling between 130 and 185*C. The heat treatment, is for removing the internal strain that 
may remain In the biaxially-stretched films and for preventing the film supports from being thennally shrunk during 
thennal development of the material. 

[0648] In case where the photothenmographic material Is for medical treatment, the transparent support for it may 
be colored with a blue dye (for example, with Dye-1 used in the examples In JP-A 8-240877), or may not be colored. 
[0649] Some examples of the supports are given in JP^ 11-65021, paragraph [0134]. 

[0650] Preferably, the supports are undercoated, for example, with a water-soluble polyester as in JP-A 11 -84574; 
a styrene-butadlene copolymer as in JP-A 10-186565; or a vinylidene chloride copolymer as in JP-A 2000-39684 or 
In Japanese Patent Application No. 11-106881, paragraphs [0063] to [0080]. 

«Other Additives» 

[0651 ] For the details of other additives usable in this embodiment, referred to are those described in the section of 
the first embodiment of the invention. 

<Fabrication of Photothermographic Material> 

[0652] For the details of the mode of fabricating the photothennographlc material of this embodiment, referred to are 
those described in the section of the first embodiment of the invention. 

<Packaging Materia/ for Photothermographic Material> 

[0653] For the details of the packaging material for the photothennographic material of this embodiment, refen-ed to 
are those described in the section of the first embodiment of the Invention. 

«Coior image fdrmation» 

[0654] The photothennographic material for multi-color expression of the invention may have combinations of two 
layers for the respective colors, or may contain all the necessary Ingredients In a single layer, for example, as in USP 
4,708.928. 

[0655] For the photothermographic material of a type containing multiple dyes for multi-color expression, the indi- 
vidual photosensitive emulsion layers are differentiated and spaced from the others via a functional or non-functional 
barrier layer between the adjacent layers, for example, as in USP 4,460,681 . 

<Exposure and Thermai D&/eiopment> 

[0856] The photothennographic material of the eighteenth embodiment of the invention may be exposed in any 
manner, but Is preferably exposed to laser rays. One problem with the silver iodide-rich silver halide emulsion as in 
this embodiment is that its sensitivity is low. However, the problem of low sensitivity with It is solved by exposing it to 
high-intensity light such as laser rays for Image receding, and, in addition, it has been foundthat images can be recorded 
on the photothermographic material of this embodiment and the energy for image recording on the material may be 
lower. By exposing the material to such high-Intensity light for a short period of time, Images can be well written on the 
material and the material ensures the Intended sensitivity. 

[0657] In particular, for forming images having a maximum density (Dmax) on the material, the prefen-ed quantity of 
light to which the material is exposed falls between 0.1 W/mm2 and 1 00 W/mm2, more preferably between 0.5 W/mm2 
and 50 W/mm2, most preferably between 1 W/mm^ and 50 W/mm^. 

[0658] For the laser rays to which the photothennographic material of the eighteenth embodiment of the invention 
is exposed, preferred are gas lasers (Ar+. He-Ne), YAG lasers, color lasers, or semiconductor lasers. Also employable 
is a combination of semiconductor lasers and secondary harmonics generators. The lasers preferred for use in this 
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embodiment shall be detemiined in accordance with the light absorption peak wavelength of the spectral sensitizing 
dyes in the photothermographic material. Preferred for the photothennographic material of this embodiment are He-Ne 
lasers for red to IR emission; semiconductor lasers for red emission; Ai^, He-Ne or He-Cd lasers for blue to green 
emission; and semiconductor lasers for blue emission. With the recent development of SHG (second harmonic gen- 

5 erator)- integrated semiconductor laser modules and semiconductor lasers for blue emission, laser output devices for 
emission of light of short wavelength have become specifically noticed in the art. Semiconductor lasers for blue emission 
enable fine image recording and increase recording density. In addition, their life is long and their output is stable. 
Accordingly, it is expected that the demand for the semiconductor lasers of the type will much Increase in the art. The 
peak wavelength of the laser rays for use in this embodiment preferably falls between 300 nm and 600 nm, more 

10 preferably between 400 nm and 500 nm. Also preferably, it falls between 600 nm and 900 nm, more preferably between 
620 nm and 850 nm. 

[0659] In addition, laser rays that multiply oscillate in the machine direction through high-frequency superimposition 
are also preferred for use in this embodiment. 

[0660] The photothenmographic material of the eighteenth embodiment of the invention may be developed in any 
IS manner. In general, after having been imagewise exposed, it is developed under heat. Preferably, the temperature for 
the thermal development falls between 80 and 250*C, more preferably between 100 and lAO'^C. 
[0661] The time for the development preferably falls between 1 and 60 seconds, more preferably between 5 and 30 
seconds, even more preferably between 5 and 20 seconds. 

[0662] For thermal development for the photothermographic material of this embodiment, preferred is a plate heater 
20 system. For the plate heater system for the material, preferred is the method described In JP-A 11-133572. The plate 
heater system described therein Is for themrial development of photothennographic materials, in which a photother- 
mographte material having been exposed to have a latent image thereon is brought into contact with a heating unit in 
the zone for themial development to thereby convert the latent image into a visible image. In this, the heating unit 
comprises a plate heater, and multiple pressor rolls are disposed in series on one surface of the plate heater. The 
25 exposed photothennographic material is passed between the multiple pressure rolls and the plate heater, whereby it 
is developed under heat. The plate heater is sectioned into 2 to 6 stages, and it is desirable that the temperature of 
the top stage is kept lower by 1 to 1 0**C or so than that of the others. 

[0663] The plate heater system of the type is described in JP-A 54-30032. In the system, water and organic solvent 
that remain in the photothennographic material being processed can be removed out of the material. In this, in addition, 

30 the support of the photothennographic material rapidly heated is prevented from being deformed. 

[0664] One example of laser imagers for medical treatment equipped with an exposure unit and a thermal develop- 
ment unit that are applicable to this embodiment of the invention is Fuji Medical Dry Laser Imager FM-DP L The system 
FM-DP L is described in Fuji Medical Review No. 8, pp. 39-55, The technique disclosed therein is applicable to this 
embodiment of the invention. In addition, the photothermographic material of this embodiment can be processed in 

35 the laser imager in the AD Network which Fuji Medical System has proposed for a networi< system under DICOM 
Standards. 

[0665] In the photothermographic material of this embodiment, used is a silver iodide-rich photographic emulsion. 
The material fonns a monochromatic image based on silver, and is favorable for use in medical diagnosis, industrial 
photography, printing, and COM. 

40 

- Thirty-sixth embodiment of Photothemnographic Material- 

[0666] Next described in detail is the photothennographic material of the thirty-sixth embodiment of the invention. 
[0667] The thirty-sixth embodiment of the present invention is a photothermographic material comprising a support 
45 having thereon at least one image-forming layer including at least a non-photosensitive organic silver salt, a photo- 
sensitive silver halide, a reducing agent and a binder; and further comprising at least one non-image-recording pro- 
tective layer on the far side of the support relative to the image-fonning layer; wherein the silver halide comprises a 
silver iodide content of 5 mol % to 1 00 mol % and is chemically sensitized through at least any one of gold sensitization, 
chalcogen sensitization and reduction sensitization. 

so 

<Photosensitfve Silver Ha!ide> 

[0668] The photosensitive silver halide for use in the thirty-sixth embodiment of the invention is described. 

55 «Haloger) Composition» 

[0669] It Is a matter of importance that the photosensitive silver halide composition for use in the thirty-sixth embod- 
iment of the invention has a high silver iodide content of from 5 mol% to 1 00 mol%. The other silver halide than silver 
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iodide in the composition Is not specifically defined, and may be selected from silver chloride and silver bromide. 
Preferably, it is silver bromide. With such a high silver Iodide emulsion therein, it Is possible to design the intended 
photothermographic material of this embodiment of which the advantages are that the image storability after develop- 
ment is good, especially the image formed thereon is fogged little even left exposed to light. Preferably, the silver iodide 

5 content of the silver halide composition for the photothermographic material falls between 40 moi% and 100 mol%, 
more preferably between 70 mol% and 1 00 mol%, even more preferably between 80 mol% and 1 00 mol%, still more 
preferably between 90 mol% and 100 mol% in view of the light-fast image storability of the processed material, 
[0670] Regarding the halogen composition distribution in each silver halide grain, the composition may be uniform 
throughout the grain, or may stepwise vary, or may continuously vary. Core/shell structured silver halide grains are 

10 prefenred for use herein. Preferably, the core/shell structure of the grains has from 2 to 5 layers, more preferably from 
2 to 4 layers. Also preferred are core/shell structured silver halide grains In which the core is of a high silver Iodide 
composition or the shell is of a high silver iodide composition. A technique of localizing silver bromide in the surfaces 
of silver halide grains is also preferably employed herein. 

IS «Grain Slze» 

[0671] The grain size of the photosensitive silver halide for use in the thirty-sixth embodiment of the invention pref- 
erably falls between 5 nm and 90 nm. Too large silver halide grains are unfavorable to this embodiment since their 
amount necessary for attaining the intended maximum optical density shall increase. We, the present Inventors have 

20 found that, if the coating amount of the silver iodide-rich sliver halide emulsion for use in this embodiment increases, 
it significantly detracts from the developabillty of the photothermographic material and lowers the sensitivity thereof, 
and, in addition, It detracts from the Image density stability relative to the time for developing the material. In this 
connection, we have also found that silver halide grains larger than a predetermined level could notfomn high density 
images with a predetermined development time. On the other hand, we have further found that, when the coating 

25 amount of the silver iodide-rich emulsion is limited, then the developabillty of the photothemriographic material is good. 
Accordingly, the grain size of the silver iodide-rich grains must be as small as possible for attaining the intended max- 
imum optical density. Therefore in this embodiment of the invention, the grain size of the silver halide preferably falls 
between 5 nm and 70 nm. more preferably between 5 nm and 55 nm, even more preferably between 10 nm and 45 
nm. The grain size referred to herein is meant to indicate the diameter of the circular image having the same area as 

30 the projected area of each silver halide grain analyzed through electromicroscopy. The data of all the silver halide 
grains thus analyzed are averaged to obtain the mean grain size thereof. 

[0672] Preferably, the coating amount of the silver halide grains in the photothemriographic material of this embodi- 
ment falls between 0.5 mol% and 15 mol%, more preferably between 0.5 mol% and 12 mol%, even more preferably 
not larger than 10 mol%. Still more preferably, it falls between 1 mol% and 9 mol%, further more preferably between 
35 1 mol% and 7 mol% relative to the molar amount of silver in the organic silver salt in the material. The organic silver 
salt will be described hereinunder. In this embodiment, it is a matter of great importance to specifically define the coating 
amount of the silver halide to be in the photothennographic material for evading the problem of development failure 
with the silver Iodide-rich silver halide emulsion in the material. 

40 «Method of Forming Grains» 

[0673] Methods of fonning the photosensitive silver halide are well known in the art, for example, as in Research 
Disclosure M02Q (June 1 978), and USP 3,700,458. and any known method is employable In the invention. Concretely, 
a silver source compound and a halogen source compound are added to gelatin or any other polymer solution to 
45 prepare a photosensitive sih^er halide, and it is then mixed with an organic silver salt. This method is prefen-ed for the 
invention. Also preferred are the method described in JP-A 11-11 9374, paragraphs [021 7J to [0244]; and the methods 
described in JP-A 11-352627 and Japanese Patent Application No. 2000-42336. 

«Grain Morphology» 

50 

[0674] Silver halide grains generally have different types of morphology, including, for example, cubic grains, octa- 
hedral grains, tabular grains, spherical grains, rod-like grains, and potato-like grains, but the high silver iodide grains 
for use in the thirty-sixth embodiment of the invention have some complicated morphology. For one prefen-ed morphol- 
ogy of the grains for use in this embodiment, referred to are conjugate grains as in R.L. Jenkins et al's Journal of Photo. 
S5 Sc/., Vol. 28 (1980), page 164, Fig. 1. Also preferred are tabular grains as in Fig. 1 of that literature. Still preferred are 
corner-rounded silver halide grains. The surface index (Miller index) of the outer surface of the photosensitive silver 
halide grains for use herein is not specifically defined, but is desirably such that the proportion of {100} plane, which 
ensures higher spectral sensitization when it has adsorbed a color-sensitizing dye, in the outer surface is larger. Pref- 
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erably, the proportion of {100} plane in the outer surface is at least 50 %, more preferably at least 65 %, even more 
preferably at least 80 %. The Miller index indicated by the proportion of (100) plane can be Identified according to the 
method described by T, TanI in J. Imaging ScL, 29, 1 65 (1 985), based on the adsorption dependency of sensitizing dye 
onto {111} plane and {100} plane. 

5 

«Heavy Metaf» 

[0675] Silver hallde grains having a hexacyano-metal complex in their outermost surfaces are preferred for use in 
the thirty-sixth embodiment of the invention. Preferred examples of the hexacyano-metal complex are [Fe(CN)6}^-, [Fe 
10 (CN)6]3-, [Ru(CN)6]4^. [Os(CN)6]^. [Co(CN)6p, [RhCCNjeJ^-, [lr(CN)6]3'. [Cr(CN)6]3-. [Re(CN)6p. Of those, more pre- 
ferred are hexacyano-Fe complexes. 

[0676] As hexacyano-metal complexes exist in the fonn of ions in their aqueous solutions, their counter cations are 
of no importance. Preferably, however, the counter cations for the complexes are any of alkali metal ions such as 
sodium, potassium, rubidium, cesium and lithium ions; ammonium ions, and alkylammonium ions (e.g., tetramethyl- 
15 ammonium, tetraethy I ammonium, tetrapropylammonium and tetra(n-butyl)ammonium ions), as they are well misclble 
with water and are favorable to the operation of precipitating silver halide emulsions. 

[0677] The hexacyano-metal complex may be added to silver halide grains in the form of a solution thereof in water 
or in a mixed solvent of water and an organic solvent misclble with water (for example, alcohols, ethers, glycols, ketones, 
esters, amides), or in the fonn of a mixture thereof with gelatin. 
20 [0678] The amount of the hexacyano-metal complex to be added to the silver halide grains preferably falls between 
1x10-5 mols and 1 X 10-2 mols, per mol of silver of the grains, more preferably between 1 x 1 Q-^^ mols and 1 x 1 0*3 
mols. 

[0679] In order to make the hexacyano-metal complex exist In the outemiost surfaces of the silver halide grains, the 
complex is added to an aqueous silver nitrate solution from which are formed the silver halide grains, after the solution 

25 has been added to a reaction system to give the grains but before the grains having been formed are finished for 
chemical sensitization such as chalcogen sensitization with sulfur, selenium or tellurium or noble metal sensitization 
with gold or the like, or is directly added to the grains while they are rinsed or dispersed but before they are finished 
for such chemical sensitization. To prevent the silver halide grains formed from growing too much, it is desirable that 
the hexacyano-metal complex is added to the grains immediately after they are fonned. Preferably, the complex is 

30 added thereto before the grains fonned are finished for post-treatment. 

[0680] Adding the hexacyano-metal complex to the silver halide grains may be started after 96 % by weight of the 
total of silver nitrate, from which are fomried the grains, has been added to a reaction system to give the grains, but is 
preferably started after 98 % by weight of silver nitrate has been added thereto, more preferably after 99 % by weight 
thereof has been added thereto. 

35 [0681 ] The hexacyano-metal complex added to the silver halide grains after an aqueous solution of silver nitrate has 
been added to the reaction system to give the grains but just before the grains are completely fonned is well adsorbed 
by the grains formed, and may well exist in the outemnost surfaces of the grains. Most of the complex added in that 
manner forms a hardly-soluble salt with the silver ions existing in the surfaces of the grains. The silver salt of hexacyano- 
iron(ll) is more hardly soluble than Agl, and the fine grains fonned are prevented from re-dissolving and aggregating 

40 into large grains. Accordingly, the intended fine silver halide grains having a small grain size can be formed. 

[0682] The photosensitive silver halide grains for use in the thirty-sixth embodiment of the invention may contain a 
metal or metal complex of Groups 8 to 10 of the Periodic Table (Including Groups 1 to 18). The metal of Groups 8 to 
10. or the center metal of the metal complex is preferably rhodium, ruthenium or Iridium. In the invention of this em- 
bodiment, one metal complex may be used alone, or two or more metal complexes of one and the same type of metal 

45 or different types of metals may also be used herein as combined. The metal or metal complex content of the grains 
preferably falls between 1 x 1 0-^ mols and 1 x lO'^ mols per mol of silver of the grains. Such heavy metals and metal 
complexes, and methods of adding them to the silver halide grains are described in, for example, JP-A 7-225449, JP-A 
11-65021. paragraphs [0018] to [0024], and JP-A 11-119374. paragraphs [0227] to [0240]. 

[0683] The metal atoms (e.g., in [Fe(CN)6]*") that may be added to the silver halide grains for use In the thirty-sixth 
50 embodiment of the Invention, as well as the methods of desalting or chemical sensitization of the silver halide emulsions 
are described, for example, in JP-A 11-84574, paragraphs [0046] to [0050], JP-A 11-65021, paragraphs [0025] to 
[0031], and JP-A 11-119374, paragraphs [0242] to [0250]. 

«Getatin» 

55 

[0684] Gelatin of different types may be used in preparing the photosensitive silver halide emulsions for use in the 
thirty-sixth embodiment of the invention. For better dispersion of the photosensitive silver halide emulsion in an organic 
silver salt-containing coating liquid in producing the photothemrtographic material of the Invention, preferred Is low- 
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molecular gelatin having a molecular weight of from 500 to 60,000. The low-molecular gelatin of the type may be used 
in fomriing the silver halide grains or in dispersing the grains after the grains have been desalted. Preferably, It is used 
In dispersing the grains after they have been desalted. 

«Sensitizing Dye» 

[0685] The photothermographic material of the thirty-sixth embodiment of the invention may contain a sensitizing 
dye. Usable herein are sensitizing dyes which, after adsorbed by the sliver halide grains, can spectrally sensitize the 
grains within a desired wavelength range. Depending on the spectral characteristics of the light source to be used for 
exposure, favorable sensitizing dyes having good spectral sensitivity are selected for use in the photothemriographic 
material of the invention of this embodiment. Preferably, the photothemiographic material of this embodiment is spec- 
trally sensitized to have a spectral sensitivity peak within a range of from 600 nm to 900 nm, or within a range of from 
300 nm to 500 nm. For the details of sensitizing dyes usable herein and methods for adding them to the photothermo- 
graphic material of this embodiment, referred to are paragraphs [01 03] to [01 09] in JP-A 1 1 -6501 ; compounds of formula 
(II) in JPtA 10-186572; dyes of fonmula (I) and paragraph [0106] in JP-A 11-119374; dyes described In USP 5,510.236, 
3,871,887 (Example 5); dyes described In JP-A 2-96131 , 59-48753; from page 19, line 38 to page 20, line 35 In EP 
Laid-open 0803764A1 ; Japanese Patent Application Nos. 2000-86865, 2000-1 02560 and 2000-205399. One or more 
such sensitizing dyes may be used herein either singly or as combined. Regarding the time at which the sensitizing 
dye is added to the silver halide emulsion in the thirty-sixth embodiment of the invention, it is desirable that the sensi- 
tizing dye is added thereto after the desalting step but before the coating step, more preferably after the desalting step 
but before the chemical ripening step. 

[0686] The amount of the sensitizing dye to be in the photothermographic material of the thirty-sixth embodiment of 
the invention varies, depending on the sensitivity and the fogging resistance of the material. In general, it preferably 
falls between 1 0-e and 1 mol, more preferably between 1 0"* and 1 0-i mols per mol of the silver halide in the photosen- 
sitive layer of the material. 

[0687] For its better spectral sensitization, the photothermographic material of the thirty-sixth embodiment of the 
invention may contain a supersensitizer. For the supersensitlzer, for example, usable are the compounds described in 
EP Laid-open 587.338, USP 3,877.943, 4,873.184, and JP-A 5-341432, 11-109547 and 10-111543. 

«Cbemical Sensitization» 

[0688] The photosensitive silver halide grains for use in the thirty-sixth embodiment of the invention must undergo 
chemical sensitization through at least any one of gold sensitization, chalcogen sensitization or reduction sensitization 
for planning the intended photothemiographic material of high sensitivity. 

[0689] Chalcogen sensitization includes sulfur sensitization, selenium sensitization and tellurium sensitization. Many 
compounds are known for chalcogen sensitization such as sulfur sensitization, selenium sensitization and tellurium 
sensitization. For example, the compounds described in JP-A 7-128768 are usable for such chalcogen sensitization. 
In the thirty-sixth embodiment of the invention, preferred is tellurium sensitization, for which more preferred are the 
compounds described in JPtA 11-65021 . paragraph [0030], and the compounds of fomiulae (11), (III) and (IV) given in 
JP-A 5-313284. 

[0690] Gold in the gold sensitizer for use in this embodiment preferably has a valence of -nl or +3. Any ordinary gold 
compounds for gold sensitization are usable herein. Preferred examples of the gold sensitizer for use herein are chlo- 
roauric acid, bromoauric acid, potassium chloroaurate, potassium bromoaurate, auric trichloride, potassium auric thi- 
ocyanate. potassium lodoaurate, tetracyanoauric acid, ammonium aurothiocyanate. pyrldyltrichlorogold. Also preferred 
for use herein are the gold sensitizers described in USP 6.858,637, and Japanese Patent Application No. 2001 -79450. 
[0691] Ascoriaic acid, aminoiminomethanesulfinfcacid, hydrazine derivatives, borane compounds, silane compounds 
and polyamine compounds are prefen-ed for reduction sensitization in this embodiment. The reduction sensitizer may 
be added to the grains in any stage of preparing the photosensitive emulsions including the stage of grain growth to 
just before coating the emulsions. Preferably, the emulsions are subjected to such reduction sensitization while they 
are kept ripened at a pH of 7 or more and at a pAg of 8.3 or less. Also preferably, they may be subjected to reduction 
sensitization while the grains are fomried with a single addition part of silver ions being Introduced thereinto. 
[0692] In the thirty-sixth embodiment of the invention, the photosensitive silver halide grains may be chemically 
sensitized in any stage after their formation but before their coating. For example, they may be chemically sensitized 
after desalted, but (1) before spectral sensitization, or (2) along with spectral sensitization, or (3) after spectral sensi- 
tization, or (4) just before coating. Especially preferably, they are chemically sensitized after spectral sensitization. 
[0693] The amount of the sulfur, selenium or tellurium sensitizer for chalcogen sensitization in the thirty-sixth em- 
bodiment of the invention varies, depending on the type of the silver halide grains to be sensitized therewith and the 
condition for chemically ripening the grains, but may fall generally between 10*8 and 10-2 mols, preferably between 
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10"7 and 10*3 mols or so, per mol of the silver halide. 

[0694] The amount of the gold sensitizer to be added to the silver halide grains in this embodiment also varies 
depending on various conditions. In general, it may fall between 10*7 and 10*3 mols, preferably between 10-6 and 6 x 
10"^ mols, per mol of the silver halide. 
5 [0695] The amount of the reduction sensitizer to be added to the silver halide grains in this embodiment also varies 
depending on various conditions. In general, it may fall between 10-^ and lO**" mols, preferably between 10-® and 5 x 
1 0*2 mols, per mol of the silver halide. 

[0696] Though not specifically defined, the condition for chemical sensitization in the thirty-sixth embodiment of the 
invention may be such that the pH falls between 5 and 8, the pAg falls between 6 and 11, and the temjaerature falls 
10 between 40 and 95" C or so. 

[0697] If desired, a thiosulfonic acid compound may be added to the silver halide emulsions for use in the thirty-sixth 
embodiment of the invention, according to the method described in EP Laid-Open 293,917. 

[0698] The photothermographic material of the thirty-sixth embodiment of the invention may contain only one type 
or two or more different types of photosensitive silver halide grains (these will differ in their mean grain size, halogen 
IS composition or crystal habit, or in the condition for their chemical sensitization), either singly or as combined. Combining 
two or more types of photosensitive silver halide grains differing in their sensitivity will enable to control the gradation 
of the Images to be formed in the photothermographic material. For the technique relating to it, referred to are JP-A 
57-119341, 53-106125, 47-3929, 48-55730, 46-5187, 50-73627, 57-150841. The sensitivity difference between the 
combined silver halide grains is preferably such that the respective emulsions differfrom each other at least by 0.2 logE. 
20 [0699] Preferably, the photosensitive silver halide grains for use in the thirty-sixth embodiment of the invention are 
fomied in the absence of a non-photosensitive organic silver salt, and are chemically sensitized. This is because silver 
halides prepared by adding a halogenating agent to an organic silver salt could not have high sensitivity. 
[0700] For forming the silver halide In the absence of a non-photosensitive organic silver halide, for example, em- 
ployable Is a method of mixing the silver halide and an organic silver salt having been prepared separately in a bigh- 
ts perfomnance stinger, a ball mill, a sand mill, a colloid mill, a shaking mill, a homogenizer or the \\ke\ or a method of 
adding the photosensitive silver halide having been prepared to the organic silver salt being prepared, in any desired 
timing to produce the organic silver salt mixed with the photosensitive silver halide. Any of these methods produces 
the advantages of the thirty-sixth embodiment of the invention. 

30 «Mode of Mixing Photosensitive Silver Halide in Coating Liquid» 

[0701] The prefen-ed time at which the silver halide grains are added to the coating liquid which Is to fomn the image- 
forming layer on the support of the photothermographic material of the thirty-sixth embodiment of the Invention may 
fall between 180 minutes before coating the liquid and a time just before the coating, more preferably between 60 

35 minutes before the coating and 10 seconds before it. However, there is no specific limitation thereon, so far as the 
method and the condition employed for adding the grains to the coating liquid ensure the advantages of the thirty-sixth 
embodiment of the invention. Concretely for mixing them, employable is a method of adding the grains to the coating 
liquid in a tank in such a controlled manner that the mean residence time for the grains in the tank, as calculated from 
the amount of the grains added and the flow rate of the coating liquid to a coater, could be a predetermined period of 

40 time; or a method of mixing them with a static mixer, for example, as in N. Harunby, M. F. Edwards & A. W. Nienow's 
Liquid Mixing Technology, Chap. 8 (translated by Kojt Takahasi, published by Nikkan Kogyo Shinbun, 1989). 

<Organic Silver Salt> 

45 [0702] The non-photosensitive organic silver salt for use in the thirty-sixth embodiment of the invention is relatively 
stable to light, but, when heated at BO°C or higher in the presence of an exposed photocatalyst (e.g., latent image of 
photosensitive silver halide) and a reducing agent, it fonns a silver image. The organic silver salt may be any and every 
organic subistance that contains a source having the ability to reduce sliver Ions. Some non-photosensitive organic 
silver salts of that type are described, for example, in JP-A 10-62899, paragraphs [0048] to [0049]; EP Laid-Open 

50 0803764A1, from page 18, line 24 to page 19, line 37; EP Laid-Open 096281 2A1; JP-A 11-349591. 2000-7683, 
2000-72711 . Prefen-ed for use herein are silver salts of organic acids, especially silver salts of long-chain (C1 0 to C30, 
preferably C1 5 to C28) aliphatic carboxylic acids. Preferred examples of organic silver salts are silver behenate, silver 
arachidate, silver stearate, silver oleate, silver laurate, silver caproate, silver myristate, silver palmitate, and their mix- 
tures. Of those, especially preferred for use in the thirty-sixth embodiment of the invention are organic silver salts 

55 having a silver behenate content of from 50 mol% to 100 mol%. More preferably, the silver behenate content of the 
salts falls between 75 mol% and 98 mol%. 

[0703] The organic silver salt for use in the thirty-sixth embodiment of the invention Is not specifically defined for its 
morphology, and may be in any fomi of acicutar, rod-like, tabular or scaly solids. 
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[0704] Scaly organic silver salts are preferred in the thirty-sixth embodiment of the invention. In this description, the 
scaly organic silver salts are defined as follows: A sample of an organic silver salt to be analyzed is observed with an 
electronic microscope, and the grains of the salt seen in the field are approximated to rectangular paralleloplpedons. 
The three different edges of the thus-approximated, one rectangular parallelopipedone are represented by a, b and c. 
a is the shortest, c is the longest, and c and b may be the same. From the shorter edges a and b, x is obtained according 
to the following equation: 



X = b/a. 



[0705] About 200 grains seen In the field are analyzed to obtain the value x, and the data of x are averaged. Samples 
that satisfy the requirement of x (average) ^ 1 .5 are scaly. For scaly grains, preferably. 30 s x (average) > 1 .5, more 
preferably 20 s x (average) > 2.0. In this connection, the value x of acicular (needle-like) grains falls within a range of 
1 ^ x (average) < 1 .5. 

[0706] In the scaly grains, it is understood that a corresponds to the thickness of tabular grains of which the main 
plane is represented by b x c. In the scaly organic silver salt grains for use herein, a (average) preferably falls between 
0.01 ^tm and 0.3 ^m, more preferably between 0.1 jim and 0.23 jim; and c/b (average) preferably falls between 1 and 
6, more preferably between 1 .05 and 4, even more preferably between 1 .1 and 3, still more preferably between 1 1 
and 2. 

[0707] Regarding its grain size distribution, the organic silver salt is preferably a mono-dispersed one. Mono-disper- 
sion of grains refen-ed to herein is such that the value (in temis of percentage) obtained by dividing the standard 
deviation of the minor axis and the major axis of each grain by the minor axis and the major axis thereof, respectively, 
IS preferably at most 100 %, more preferably at most 80 %. even more preferably at most 50 %. To determine its 
morphology, a dispersion of the organic silver salt may be analyzed on its image taken by the use of a transmission 
electronic microscope. Another method for analyzing the organic silver salt for mono-dispersion morphology comprises 
detennlning the standard deviation of the volume weighted mean diameter of the salt grains, in the method, the value 
in terms of percentage (coefficient of variation) obtained by dividing the standard deviation by the volume weighted 
mean diameter of the salt grains is preferably at most 1 00 %, more preferably at most 80 %, even more preferably at 
most 50 %. Concretely, for example, a sample of the organic silver salt is dispersed in a liquid, the resulting dispersion 
IS exposed to a laser ray, and the self-correlation coefficient of the salt grains relative to the time-dependent change 
of the degree of fluctuation of the scattered ray Is obtained. Based on this, the grain size (volume weighted mean 
diameter) of the salt grains Is obtained. 

[0708] For preparing and dispersing the organic silver salts for use in the thirty-sixth embodiment of the invention 
employable is any known method. For it. for example, referred to are JP-A 10-62899; EP Laid-Open 0B03763A1 and 
0962812A1; JP-A 11-349591, 2000-7683. 2000-72711. 2001-163827, 2001-163889, 2001-163890, 11-203413' and 
Japanese Patent Application Nos, 2000-90093, 2000-195621, 2000-191226, 2000-213813 2000-214155 
2000-191226. 

[0709] In the thirty-sixth embodiment of the invention, an aqueous dispersion of an organic silver salt may be mixed 
with an aqueous dispersion of a photosensitive silver salt to prepare the coating liquid for the photothermographic 
matenal. Mixing two or more different types of aqueous, organic silver salt dispersions with two or more different types 
of aqueous, photosensitive silver salt dispersions Is preferred for suitably controlling the photographic properties of the 
photothemnographic material of this embodiment. 

[0710] In the thirty-sixth embodiment of the invention, the amount of the organic silver salt to be used may be any 
desired one. Preferably, it falls between 0.1 and 5 g/m2 more preferably between 1 and 3 g/m2. even more preferably 
between 1 .2 and 2.5 g/m^ in tenms of silver in the salt. 

<Reducing Ageni> 

[071 1] The photothermographic material of the thirty-sixth embodiment of the invention preferably contains a reduc- 
ing agent for the organic silver salt therein. The reducing agent for the organic silver salt may be any and every sub- 
stance capable of reducing silver ions Into metal silver, but is preferably an organic substance. Some examples of the 
reducing agent are described in JP-A 11-65021. paragraphs [0043] to [0045]. and In EP Lald-Open 0803764 from 
page 7. line 34 to page 18, line 12. 

[0712] Especially prefen-edforthe reducing agent in the thirty-sixth embodiment of the invention are hindered phenol- 
type reducing agents and bisphenol-type reducing agents, and more preferred are compounds of the followina aeneral 
formula (R"): ^ ^ 
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General Formula (R'*) 



[0713] In formula (R"), R^^ and R""^' each independently represent an alky! group having from 1 to 20 carbon atoms; 
R"'2 and R''2' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring; L 
represents -S- or -CHR''^-; R''^ represents a hydrogen atom, or an all<yl group having from 1 to 20 carbon atoms; X"" 
and X**' each Independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
[0714] Formula (R") Is described in detail. 

[0715] Rii and R^i' each independently represent a substituted or unsubstituted alkyi group having from 1 to 20 
carbon atoms. The substituent for the alkyi group is not specifically defined, but preferably includes, for example, an 
aryl group, a hydroxyl group, an alkoxy group, an aryloxy group, an alkylthio group, an arylthio group, an acylamino 
group, a sulfonamide group, a sulfony! group, a phosphoryl group, an acyl group, a carbamoyl group, an ester group, 
and a halogen atom. 

[0716] Ri2 and R^^' each independently represent a hydrogen atom, or a substituent substitutable to the benzene 
ring. X^ and X^* each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
Preferred examples of the substituent substitutable to the benzene ring are an alkyi group, an aryl group, a halogen 
atom, an alkoxy group, and an acylamino group. 

[0717] L represents a group of -S- or -CHRi^-. R''^ represents a hydrogen atom, or an alkyi group having from 1 to 
20 carbon atoms. The alkyi group may be substituted. Specific examples of the unsubstituted alkyi group for Ri3 are 
methyl, ethyl, propyl, butyl, heptyl, undecyl, isopropyl, 1 -ethylpentyl and 2,4,4-trimethylpentyl groups. For the substit- 
uent for the substituted alkyi group for R''^, referred to are those mentioned hereinabove for the substituted alkyi group 
for R"""". Concretely, it includes a halogen atom, an alkoxy group, an alkylthio group, an aryloxy group, an arylthio group, 
an acylamino group, a sulfonamide group, a sulfonyl group, a phosphoryl group, an oxycarbonyl group, a carbamoyl 
group, and a sulfamoyi group. 

[071 8] For Ri** and R""^*, preferred is a secondary ortertiary alkyi group having from 3 to 15 carbon atoms. Concretely, 
prefen-ed examples of the alkyi group are isopropyl, isobutyl, t-butyl, t-amyl, t-octyl, cyclohexyl, cyclopentyl, 1-methyl- 
cyclohexyl and 1 -methylcyclopropyl groups. For R"'"' and R'*''', more preferred is a tertiary alkyi group having from 4 to 
12 carbon atoms; even more preferred is any of t-butyl, t-amyl and 1-methylcycohexyl groups; and most preferred is 
a t-butyl group. 

[0719] Preferably, R^^ and R12' each are an alkyi group having from 1 to 20 carbon atoms, concretely including, for 
example, methyl, ethyl, propyl, butyl, isopropyl, tert-butyl, tert-amyl, cyclohexyl, 1-methylcyclohexyl, benzyl, meth- 
oxymethyl and methoxyethyl groups. For these, more preferred are methyl, ethyl, propyl, Isopropyl and tert-butyl 
groups. 

[0720] Also preferably, X^ and X^' each are a hydrogen atom, a halogen atom or an alkyi group; and more preferably, 
they are both hydrogen atoms. 
[0721 ] L is preferably -CHR^^-. 

[0722] Also preferably, R'*^ is a hydrogen atom, or an alkyi group having from 1 to 15 carbon atoms. Preferred ex- 
amples of the alkyi group are methyl, ethyl, propyl, isopropyl and 2,4,4-trlmethylpentyl groups. More preferably, R''^ is 
a hydrogen atom, a methyl group, a propyl group or an isopropyl group. 

[0723] In case where R''^ is a hydrogen atom, R''^ and R12' ©ach are preferably an alkyi group having from 2 to 5 
carbon atoms, more preferably an ethyl or propyl group, most preferably, they are both ethyl groups. 
[0724] In case where R"'^ is a primary or secondary alkyi group having from 1 to 8 carbon atoms, R''2 and R^2' q^q 
preferably both methyl groups. The primary or secondary alkyi group having from 1 to 8 carbon atoms for R^^ Is pref- 
erably a methyl, ethyl, propyl or isopropyl group, more preferably a methyl, ethyl or propyl group. 
[0725] In case where R"'^ R''*'', R''^ and R"'^' are all methyl groups, R''^ is preferably a secondary alkyi group. The 
secondary alkyi group for R''^ is preferably an isopropyl, isobutyl or 1 -ethylpentyl group, more preferably an isopropyl 
group. 

[0726] Examples of the compounds of fonnuta (R") and other reducing agents for use in the thirty-sixth embodiment 
of the invention are mentioned below, to which, however, the invention of this embodiment is not limited. 
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[0727] Especially preferred are Compounds (R"-1 ) to (R"-20). 

30 [0728] Preferably, the amount of the reducing agent to be in the photothermographic material of the thirty-sixth em- 
bodiment of the invention falls between 0.01 and 5.0 g/m^, more preferably between 0.1 and 3.0 g/m^. Also preferably, 
the amount of the reducing agent to be in the material falls between 5 and 50 mol%, more preferably between 10 and 
40 mol% per mol of silver existing in the face of the image-fomning layer of the material. Preferably, the reducing agent 
is in the image-fomning layer of the material. 

35 [0729] In this embodiment, the reducing agent may be in any fonri of solution, emulsified dispersion or fine solid 
particle dispersion, and may be added to the coating liquid In any known method so as to be incorporated into the 
photothermographic material of the invention. 

[0730] One well known method of emulsifying the reducing agent to prepare its dispersion comprises dissolving the 
reducing agent in an auxiliary solvent such dibutyl phthalate, tricresyl phosphate, glyceryl triacetate, diethyl phthalate 

40 or the like oily solvent, or in ethyl acetate or cyclohexanone, followed by mechanically emulsifying it into a dispersion. 
[0731] For preparing a fine solid particle dispersion of the reducing agent, for example, employable is a method that 
comprises dispersing a powder of the reducing agent In water or In any other suitable solvent by the use of a ball mill, 
a colloid mill, a shaking ball mill, a sand mill, a jet mill or a roller mill, or ultrasonically dispersing It therein to thereby 
prepare the intended solid dispersion of the reducing agent. In this method, optionally used is a protective colloid (e. 

45 g., polyvinyl alcohol), and a surfactant (e.g., anionic surfactant such as sodium triisopropylnaphthalenesulfonate - this 
is a mixture of the salts in which the three isopropyl groups are all in different positions). If desired, the aqueous 
dispersion may contain a preservative (e.g., sodium benzoisothiazolinone). 

<Deve!opment Accelerator> 

so 

[0732] Preferably, the photothennographic material of the thirty-sixth embodiment of the invention contains a phenol 
derivative of the following formula (A) that serves as a development accelerator. 
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General Formula (A) 



[0733] In formula (A), Ri. R2, R3 x2 and each independently represent a hydrogen atom; a halogen atom; or a 
substituent that bonds to the benzene ring via a caiton, oxygen, nitrogen, sulfur or phosphorus atom. However, at 
least one of X2 and Is a group of -NR^RS. r4 and RS each Independently represent a hydrogen atom, an alkyi groLp. 
an alkenyl group, an alkynyl group, an aryl group, a heterocyclic group, or a group of -C(=0)-R, -C(=0)-C{=0)-R, -SOg- 
R, -SO-R, -P(=0)(R)2 or -C(=NR')-R. R and R' each independently represent a hydrogen atom, or a group selected 
from an alkyt group, an aryl group, a heterocyclic group, an amino group, an alkoxy group and an aryloxy group. Of 
the substltuents, neighboring ones may bond to each other to form a ring. 

<Hydrogen Bonding Type Compound> 

[0734] In case where the reducing agent in the thirty-sixth embodiment of the invention has an aromatic hydroxy! 
group (-OH), especially when It is any of the above-mentioned bisphenols, the reducing agent is preferably combined 
with a non-reducing compound that has a group capable of fomiing a hydrogen bond with the group in the reducing 
agent. The group capable of fonning a hydrogen bond with the hydroxyl group or the amino group in the reducing agent 
includes, for example, a phosphoryl group, a sulfoxide group, a sulfonyl group, a carbonyl group, an amido group, an 
ester group, an urethane group, an ureido group, a tertiary amino group, a nitrogen-containing aromatic group.' Of 
those, preferred are a phosphoryl group, a sulfoxide group, an amido group (not having a group of >N-H but is blocked 
to fomn >N-Ra, in which Ra is a substituent except hydrogen), an urethane group (not having a group of >N-H but Is 
blocked to fomfi >N-Ra. in which Ra is a substituent except hydrogen), an ureldo group (not having a group of >N-H 
but is blocked to form >N-Ra, in which Ra is a substituent except hydrogen). 

[0735] Especially preferred examples of the Hydrogen bonding type compound for use in the thirty-sixth embodiment 
of the Invention are those of the following general fomnula (□"): 



r22 



>23 



General Formula (D**) 



[0736] In fomnula (D"). R^i to R23 each independently represent an alkyI group, an aryl group, an alkoxy group, an 
aryloxy group, an amino group or a heterocyclic group. These may be unsubstituted or substituted. The substltuents 
for the substituted groups for R2i to R23 are, for example, a halogen atom, an alkyI group, an aryl group, an alkoxy 
group, an amino group, an acyl group, an acylamino group, an alkylthio group, an arylthio group, a sulfonamide group, 
an acyloxy group, an oxycarbonyl group, a carbamoyl group, a sulfamoyi group, a sulfonyl group and a phosphoryl 
group. Of the substltuents, preferred are an alkyI group and an aryl group; and more preferred are methyl, ethyl, Iso- 
propyl. t-butyl, t-octyl, phenyl, 4-alkoxyphenyI and 4-acyloxyphenyl groups. 

[0737] The alkyI group for R2i to R23 includes, for example, methyl, ethyl, butyl, octyl, dodecyl, isopropyl t-butyl t- 
amyl, t-octyl. cyclohexyl. 1-methylcyclohexyl. benzyl, phenethyl and 2-phenoxypropyl groups. The aryl group for these 
includes, for example, phenyl, cresyl. xylyl. naphthyl, 4-t-butylphenyl. 4-t-octylphenyl. 4-anisidyl and 3.5-dichlorophenyl 
groups. The alkoxy group includes, for example, methoxy. ethoxy. butoxy, octyloxy, 2-ethylhexyloxy. 3,5.5-trlmethyi- 
hexyloxy, dodecyloxy, cyclohexyloxy, 4-methylcyctohexyloxy and benzyloxy groups. The aryloxy group Includes for 
example, phenoxy, cresyloxy. isopropylphenoxy. 4.t-butylphenoxy. naphthoxy and biphenyloxy groups. The ar^lno 
group includes, for example, dimethylamino. diethylamlno. dibutylamino, dioctylamino, N-methyl-N-hexylamino dicy- 
clohexylamlno. diphenylamino and N-methyl-N-phenylamino groups. 

[0738] For R2i to R23, preferred are an alkyI group, an aryl group, an alkoxy group and an aryloxy group. From the 
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viewpoint of the advantages of the invention of this ennbodiment, it is preferable that at least one of R21 to R^^is an 
alky! group or an aryl group, and It is more desirable that at least two of them are any of an all<yl group and an aryl 
group. Even more preferably, R2^ to R23 are the same as the compounds of the type are inexpensive. 
[0739] Specific examples of the compounds of formula (D") and other Hydrogen bonding type compounds usable in 
the thirty-sixth embodiment of the invention are mentioned below, to which, however, the invention of this embodiment 
is not limited. 
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15 [0740] Apart from the above, other Hydrogen bonding type compounds such as those described in Japanese Patent 
Application Nos. 2000-192191 and 2000-194811 are also usable herein. 

[0741] Like the reducing agent mentioned above, the compound of fomnula (D") may be added to the coating liquid 
for the photothermographic material of this embodiment, for example, in the fonn of its solution, emulsified dispersion 
or solid particle dispersion. In its solution, the compound of formula (D") may form a hydrogen-bonding complex with 

20 a compound having a phenolic hydroxyl group or an amino group. Depending on the combination of the reducing agent 
and the compound of formula (D") for use herein, the complex may be isolated as its crystal. Thus isolated, the crystal 
powder may be formed into Its solid particle dispersion, and the dispersion is especially preferred for use herein for 
stabilizing the photothermographic material of this embodiment. As the case may be, the reducing agent and the com- 
pound of formula (D") may be mixed both in powder optionally along with a suitable dispersant added thereto In a sand 

25 grinder mill or the like to thereby form the Intended complex in the resulting dispersion. The method Is also prefenred 
In the invention of this embodiment. 

[0742] Preferably, the amount of the compound of formula (D") to be added to the reducing agent in this embodiment 
falls between 1 and 200 mol%, more preferably between 1 0 and 150 mol%, even more preferably between 30 and 1 00 
mo]% relative to the reducing agent. 

30 

<Binder> 

[0743] In the thirty-sixth embodiment of the Invention, the binder to be n the organic silver salt-containing, Image- 
forming layer may be polymer of any type, but is preferably transparent or semitransparent and is generally colorless. 

35 For it. for example, prefen-ed are natural resins, polymers and copolymers; synthetic resins, polymers and copolymers; 
and other film-forming media. More concretely, they include, for example, gelatins, rubbers, poly(vinyl alcohols), hy- 
droxyethyl celluloses, cellulose acetates, cellulose acetate butyrates, poly{vinylpyrrolidones), casein, starch, poly 
(acrylic acids), poly(methyl methacrylates), poly(vinyl chlorides). poly(methacryllc acids), styrene-maleic anhydride 
copolymers, styrene-acrylonitrile copolymers, styrene-butadiene copolymers, poly(vinylacetals) (e.g., poly(vinylfor- 

40 mal), poly(vinylbutyra!)), poly(esters), poly(urethanes), phenoxy resins, poly(vinylldene chlorides), poly(epoxides), poly 
(carbonates), poly(vinyl acetates), poly (olefins), cellulose esters, and poly(amides). The binder may be prepared from 
water or an organic solvent or an emulsion through microencapsulation. 

[0744] The glass transition point of the binder to be in the image-fomriing layer in the thirty-sixth embodiment of the 
invention preferably falls between 10**C and 80°C (the binder of the type will be hereinafter referred to as a high-Tg 
45 binder), more preferably between 20°C and 70°C, even more preferably between 23**C and 65'C. 
[0745] In this description, Tg is calculated according to the following equation: 

1^g=Z(Xin-gi) 

50 

[0746] The polymer of which the glass transition point Tg is calculated as in the above comprises n's monomers 
copolymerized (i indicates the number of the monomers copolymerized, falling between 1 and n); Xi indicates the mass 
fraction of I'th monomer (LXi = 1); Tgi Indicates the glass transition point (in terms of the absolute temperature) of the 
homopolymer of I'th monomer alone; and S indicates the sum total of i falling between 1 and n. For the glass transition 
55 point (Tgi) of the homopolymer of each monomer alone, referred to is the description in Polymer Handbook (3rd edition) 
(written by J. Brandrup, E. H. Immergut (Wiley-lntersclence, 1989)). 

[0747] One and the same polymer may be used for the binder, but, If desired, two or more different types of polymers 
may be combined for it. For example, a polymer having a glass transition point of 20**C or higher and a polymer having 
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a glass transition point of lower than acC may be combined. In case where at least two polymers that differ in Tg are 
blended for use herein, it is desirable that the weight-average Tg of the resulting blend falls within the range defined 
as above. 

[0746] In case where the image-fomning layer in thirty-sixth embodiment of the invention is fonmed by using a coating 
liquid in which at least 30 % by weight of the solvent is water, followed by drying it. and in case where the binder in the 
image-fomning layer is soluble or dispersible in an aqueous solvent (watery solvent), especially when the binder in the 
image-forming layer Is a polymer latex that has an equilibrium water content at 25^C and 60 % RH of at most 2 % by 
weight, the photothermographic material having the layer of the type enjoys better properties. Most preferably, the 
binder for use in this embodiment is so designed that its ionic conductivity is at most 2.5 mS/cm. For preparing the 
binder of the type, for example, employable is a method of preparing a polymer for the binder followed by purifying it 
through afunctional membrane for fractionation. 

[0749] The aqueous solvent in which the polymer binder is soluble or disperslble is water or a mixed solvent of water 
and at most 70 % by weight of a water-miscible organic solvent. The water-mlscible organic solvent Includes, for 
example, alcohofs such as methyl alcohol, ethyl alcohol, propyl alcohol; cellosolves such as methyl cellosolve, ethyl 
cellosolve, butyl cellosolve; ethyl acetate, and dimethylformamide. 

[0750] The terminology "aqueous solvent" referred to herein can apply also to polymer systems in which the polymer 
is not thermodynamically dissolved but is seemingly dispersed. 

[0751] The "equilibrium water content at 25°C and 60 % RH" referred to herein for polymer latex is represented by 
the following equation, in which indicates the weight of a polymer in humidity-conditioned equilibrium at 25'C and 
60 % RH, and Wq indicates the absolute dry weight of the polymer at 25*»C. 

Equilibrium water content at 25°C and 60 % RH 
= {(Wi - Wo)/Wo) X 100 (wt.%) 

[0752] For the details of the definition of water content and the method for measuring it, for example, refen-ed to Is 
Polymer Engineering, Lecture 1 4, Test Methods for Polymer Materials (by the Polymer Society of Japan, Chijin Shokan 
Publishing). 

[0753] Preferably, the equilibrium water content at 25*C and 60 % RH of the binder polymer for use in the thirty-sixth 
embodiment of the invention is at most 2 % by weight, more preferably from 0.01 to 1.5 % by weight, even more 
preferably from 0.02 to 1 % by weight. 

[0754] Polymers that serve as the binder in the thirty-sixth embodiment of the invention are preferably dispersible in 
aqueous solvents. Polymer dispersions include, for example, a type of hydrophobic polymer latex with waternnsoluble 
fine polymer particles being dispersed, and a type of molecular or micellar polymer dispersion with polymer molecules 
or micelles being dispersed. Any of these is preferred for use herein. The particles in the polymer dispersions preferably 
have a mean particle size falling between 1 and 50000 nm, more preferably between 5 and 1 000 nm or so. The particle 
size distribution of the dispersed polymer particles is not specifically defined. For example, the dispersed polymer 
particles may have a broad particle size distribution, or may have a narrow parUcle size distribution of monodispersion. 
[0755] In the photothermographic material of this embodiment, favorably used are hydrophobic polymers that are 
disperslble in aqueous media. The hydrophobic polymers of the type Include, for example, acrylic polymers, poly(es- 
ters). rubbers (e.g., SBR resins), poly(urethanes), poly(vinyl chlorides). poly(vinyl acetates). poly(vlnyIidene chlorides), 
and poly(olefins). These polymers may be linear, branched or crosslinked ones. They may be homopolymers from one 
type of monomer, or copolymers from two or more different types of monomers. The copolymers may be random 
copolymers or block copolymers. The polymers for use herein preferably have a number-average molecular weight 
falling between 5000 and 1 000000. more preferably between 1 0000 and 200000. Polymere having a too small molecular 
weight are unfavorable to the invention, since the mechanical strength of the image-fomning layer that comprises such 
a polymer is low; but others having a too large molecular weight are also unfavorable since their workability into films 
is not good. 

«Method of Producing Latex» 

[0756] The high-Tg polymer latex which is preferably used in the thirty-sixth embodiment of the invention may be 
prepared through any ordinary polymerization such as emulsion polymerization, dispersion polymerization or suspen- 
sion polymerization. However, since most coating liquids for photographic materials require water for their medium and 
since water-insoluble substances such as the copolymers of the type are used in the fomn of their aqueous dispersion, 
the high-Tg polymer latex for use herein is preferably prepared through emulsion polymerization or dispersion polym- 
erization, more preferably through emulsion polymerization for facilitating the preparation of the coating liquids. In 
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general, the grain size of the latex grains Is at most 300 nm, but preferably at most 200 nm, more preferably at most 
150 nm. 

[0757] One example of emulsion polymerization to prepare the intended polymer latex comprises polymerizing mon- 
omers in a dispersion medium of water or a mixed solvent of water and a water-miscible organic solvent (e.g. , methanol, 

5 ethanol. acetone) in such a manner that from 5 to 40 % by weight, relative to the dispersion medium, of the monomer 
mixture is stirred along with from 0.05 to 5 % by weight, relative to the monomer mixture, of a polymerization initiator 
and from 0.1 to 20 % by weight of an emulsifier, at 30 to 100*^0 or so, preferably at 60 to 90'C for 3 to 8 hours. In this 
method, the dispersion medium, the monomer concentration, the amount of the initiator, the amount of the emulsifier, 
the reaction temperature, the reaction time, the mode of adding the monomers to the system and other conditions shall 

10 be suitably determined in consideration of the type of the monomers and of the intended grain size of the polymer latex 
to be produced. 

[0758] Preferred examples of the initiator for the emulsion polymerization are inorganic peroxides such as potassium 
persulfate. sodium persulfate, ammonium persulfate; azonitrile compounds such as sodium asobiscyanovalerate; azo- 
amidine compounds such as 2,2-azobls(2-amldinopropane) dihydrochloride; cyclic azoamidine compounds such as 
15 2,2-azobis[2-(5-methyl-2-imida2olin-2-yl)propane] hydrochloride; and azoamide compounds such as 2,2-azobis{2-me- 
thyl-N-[1 ,1 -bis(hydroxymethyl) -2-hydroxyethyl]propionamide). Of those, especially preferred are potassium persulfate, 
sodium persulfate and ammonium persulfate. 

[0759] For the dispersant, employable is any of anionic surfactants, nonlonic surfactants, cationic surfactants and 
ampholytic surfactants, but preferred are anionic surfactants. 
20 [0760] The high Tg-polymer latex is easy to produce according to the mode of any ordinary emulsion polymerization. 
Ordinary emulsion polymerization is described in detail in the following publications. 

Synthetic Resin Emulsion (by Taira Okuda & HIroshi Inagakl. the Polymer Publishing Association of Japan, 1 978); 
Applications of Synthetic Latexes (by Takaaki Sugimura, Yasuo Kataoka. Sohichi Suzuki & Keiji Kasahara. the 
25 Polymer Publishing Association of Japan, 1993); 

Chemistry of Synthetic Latexes (by SohlchI Murol, the Polymer Publishing Association of Japan, 1970). 

[0761] Some examples of producing the high Tg-polymer latex are mentioned below. 

30 Production Example 1 : Production of Compound (P-3) 

[0762] 90 g of styrene, 3 g of acrylic acid, 1 60 g of distilled water and 2 g of a surfactant (Sanyo Kasel's Sandet-BL) 
were put In an autoclave of glass (Pressure Glass Industry's TEM-V1 000), and stirred therein in a nitrogen atmosphere. 
Next, the reactor was closed, and 7 g of butadiene was fed thereinto and heated up to 60"C. With that, 1 0 g of aqueous 
35 potassium persulfate solution (5 %) was added thereto and the monomers were reacted for 1 0 hours with stirring. After 
thus reacted, the reaction mixture was cooled to room temperature, and 60 g of distilled water was added thereto and 
stirred for 30 minutes to obtain 327 g of a milky liquid latex. Thus obtained, the dispersion is a latex liquid having a 
nonvolatile content of 30.2 % by weight and having a mean particle size of 76 nm. The particle size was measured 
through dynamic light scattering with a particle analyzer, Coulter's N4. 

40 

Production Example 2: Production of Compound (P-7) 

[0763] A solution of 2 g of a surfactant, sodium dodecylsulfate in 250 ml of distilled water was put Into a 500-ml three- 
neck flask equipped with a condenser tube and a stirrer, and then a mixture of 80 g of styrene, 15 g of 2-ethylhexyl 

45 acrylate and 5 g of acrylic acid was added thereto and stirred at 200 rpm in a nitrogen atmosphere. The reaction mixture 
was heated up to 75°C, to which was added a solution of 0.2 g of potassium persulfate in 1 0 ml of distilled water, and 
the monomers were polymerized for 2 hours. Further, a solution of o.2 g of potassium persulfate in 10 ml of distilled 
water was added to the system, and the monomers were further polymerized for 2 hours. The reaction mixture was 
cooled to room temperature, and dialyzed through a cellulose membrane of which the fractionation level is for molecules 

50 having a molecular weight of 1 0,000, to thereby remove the excess surfactant and inorganic salts. Thus processed, 
this was concentrated under reduced pressure and filtered to remove the Insoluble matters. Thus was obtained 380 g 
of a pale milky dispersion. This is a fine latex liquid having a nonvolatile content of 26.3 % by weight and having a 
mean particle size of 66 nm. 

[0764] The other high-Tg polymer latexes for use in the thirty-sixth embodiment of the invention may be readily 
55 produced in the same manner as above. 

[0765] In this embodiment, the amount of the high Tg-polymer latex to be used falls between 1 g and 20 g per m2 
of the photothemiographte material, more preferably between 1 g and 1 5 g. Two or more different types of such high- 
Tg polymer latexes may be combined for use in this embodiment, or the hIgh-Tg polymer latex may be combined with 
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any other latexes or polymer binders not falling within the scope of the high-Tg polymer latex. 
<Sotvent Preferred for Coating Uquid> 

[0766] Preferably, the solvent for the coating liquid for the image forming layer of the photothennographic material 
of the thirty-sixth embodiment of the invention is an aqueous solvent that contains at least 30 % by weight of water. 
The solvent referred to herein Is meant to indicate both solvent and dispersion medium for simple expression. Except 
water, the othercomponents of the aqueous solvent may be any organic solvents that are miscible with water, including, 
for example, methyl alcohol, ethyl alcohol, isopropyl alcohol, methyl cellosolve, ethyl cellosolve, dimethylformamide, 
ethyl acetate. The water content of the solvent for the coating liquid is preferably at least 50 % by weight, more preferably 
at least 70 % by weight. Preferred examples of the solvent composition are water alone, water/methyl alcohol = 90/10, 
water/methyl alcohol = 70/30, water/methyl alcohol/dimethylf onmamide = 80/1 5/5, water/methyl alcohol/ethyl cellosolve 
= 85/10/5, water/methyl alcohol/isopropyl alcohol = 85/10/5. The ratio is by weight. 

<Antifoggant> 

[0767J Antifoggants, stabilizers and stabilizer precursors usable in the thirty-sixth embodiment of the invention are 
described, for example, in JP-A 1 0-62899, paragraph [0070); EP Lald-Open 0803764A1 , from page 20, line 57 to page 
21 , line 7; JP-A 9-281637. 9-329864. 

[0768] The photothennographic material of this embodiment must contain an organic polyhalogen compound that 
serves as an antifoggant. Containing a suitable amount of such a polyhalogen compound, the image storability of the 
photothermographlc material Is significantly improved. For the polyhalogen compounds for use herein, referred to are 
those disclosed in JP-A 11-65021 . paragraphs [01 11] to [0112], Especially preferred are organic halides of formula (P) 
in JPtA 2000-284399; organic polyhalogen compounds of fonnula (II) in JP-A 10-339934; and organic polyhalogen 
compounds in JP-A 2001-33911. 

Polyhalogen Compound 

[0769] Organic polyhalogen compounds preferred for use in the thirty-sixth embodiment of the invention are de- 
scribed concretely. Preferably, the polyhalogen compounds for use in this embodiment are represented by the following 
general fomiula (H): 

General Formula (H) Q-(Y)n-C(Z^)(Z2)X 

wherein Q represents an alkyl. aryl or heterocyclic group; Y represents a divalent linking group; n indicates 0 or 1; 
and Zg each represent a halogen atom; and X represents a hydrogen atom or an electron-attracting group. 
[0770] In fomnula (H), Q is preferably a phenyl group substituted with an electron-attracting group having a positive 
Hammett's substituent constant Op. For the Hammett's substituent constant, refen-ed to is, for example. Journal of 
Medicinal Chemistry, 1 973, Vol. 1 6, No. 11 , 1207-1216. The electron-attracting group includes, for example, a halogen 
atom (fluorine atom with Op of 0.06, chlorine atom with Op of 0.23, bromine atom with Op of 0.23, iodine atom with Op 
of 0.18), a trihalomethyl group (tribromomethyl with Op of 0.29, trichloromethyl with Op of 0.33, trifluoromethyl with Op 
of 0.54), a cyano group (with Op of 0.66). a nitro group (with ap of 0.78), an aliphatic, aryl or heterocyclic suffonyl group 
(e.g., methanesulfonyl with Op of 0.72), an aliphatic, aryl or heterocyclic acyl group (e.g., acetyl with Op of 0.50, benzoyl 
with Op of 0.43), an all<ynyl group (e.g., C=CH with Op of 0.23), an aliphatic, aryl or heterocyclic oxycarbonyl group (e. 
g. , methoxycarbonyl with Op of 0.45. phenoxycarbonyl with Op of 0.44). a carbamoyl group (with Op of 0.36), a sulfamoyi 
group (with ap of 0.57), a sulfoxide group, a heterocyclic group, and a phosphoryl group. The Op of the electron -attracting 
group preferably falls between 0.2 and 2.0, more preferably between 0.4 and 1 .0. Of those electron-attracting groups, 
more prefen-ed are a carbamoyl group, an alkoxycarbonyl group, an alkylsulfonyl group and an alkylphosphoryl group, 
and most preferred is a carbamoyl group. 

[0771] In fomnula (H), X is preferably an electron-attracting group. Concretely, it Is more preferably a halogen atom, 
an aliphatic, aryl or heterocyclic sulfonyl group, an aliphatic, aryl or heterocyclic acyl group, an aliphatic, aryl or hete- 
rocyclic oxycarbonyl group, a carbamoyl group or a sulfamoyi group. Even more preferably, it is a halogen atom. For 
the halogen atom for X, preferred are chlorine, bromine and iodine atoms, more preferred are chlorine and bromine 
atoms, and even more prefenred is a bromine atom. 

[0772] In formula (H), Y is preferably -C(=0)-, -SO- or-SOg-, more preferably -C(=0)- or-SOg-. even more preferably 
SO2-. n is 0 or 1 , but preferably 1 . 

[0773] Specific examples of the compounds of formula (H) for use in the thirty-sixth embodiment of the Invention are 



134 



EP 1 308 776 A2 



mentioned below. 
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[0774] Preferably, the amount of the compound of fomnula (H) to be in the photothermographic material of the thirty- 
sixth embodiment of the invention falls between 1 0'^ and O.B mols, more preferably between 1 0*3 and 0.1 mols. even 
more preferably between 5 x 10-^ and 0.05 mols per mol of the non-photosensitive organic silver salt in the image- 
rs forming layer of the material. 

[0775] The amount of the polyhalogen compound to be added to the photothermographic material of the thirty-sixth 
embodiment of the invention In which is used a silver iodide-rich sliver hallde emulsion has a significant meaning for 
ensuring the satisfactory fogging resistance of the material. Especially preferably, therefore, the amount falls between 
5 X 10'3 and 0.03 mols per mol of the non-photosensitive silver salt in the material. 
20 [0776] The antifoggant may be incorporated into the photothermographic material of this embodiment in the same 
manner as that mentioned hereinabove for incorporating the reducing agent thereinto. Preferably, the organic polyhal- 
ogen compound is In the fomn of a fine solid particle dispersion when it is incorporated Into the material. 

<Other Antifoggants> 



[0777] Other antifoggants usable herein are mercury(ll) salts as In JP-A 11-65021 , paragraph [0113]; benzoic acids 
as in JP-A 11-65021, paragraph [0114]; salicylic acid derivatives as in JP-A 2000-206642; formalin scavenger com- 
pounds of formula (S) in JP-A 2000-221634; triazine compounds claimed in claim 9 in JP-A 11-352624; compounds 
of formula (III) in JP-A 6-11791; and 4-hydroxy-6-methyl-1 ,3,3a,7-tetra2aindene. 

30 [0778] The photothermographic material of the thirty-sixth embodiment of the invention may also contain an azolium 
salt serving as an antifoggant. The azolium salt includes, for example, compounds of formula (XI) in J P-A 59-1 93447, 
compounds as in JP-B 55-12581 , and compounds of formula (II) in JP-A 60-153039. The azolium salt may be present 
in any site of the photothermographic material, but is preferably in some layer on the surface of the material on which 
is present an image-forming layer. More preferably, it is added to the image-forming layer of the material. Regarding 

35 the time at which the azolium salt Is added to the material, it may be added to the coating liquid at any stage of preparing 
the liquid. In case where it is to be present in the image-forming layer, the azolium salt may be added to any of the 
reaction system to prepare the organic silver salt to be in the layer, or the reaction system to prepare the coating liquid 
at any stage of preparing it. Preferably, however, it is added to the coating liquid after the stage of preparing the organic 
silver salt and just before the stage of coating the liquid. The azolium salt to be added may be in any form of powder, 

40 solution or fine particle dispersion. It may be added along with other additives such as sensitizing dye, reducing agent 
and toning agent, for example, in the form of their solution. The amount of the azolium salt to be added to the photo- 
thermographic material of the thirty-sixth embodiment of the invention is not specifically defined, but preferably falls 
between 1x10*® mols and 2 mols, more preferably between 1x10-3 mols and 0.5 mols per mol of silver In the material. 

45 <Other Additives> 

«Mercapto, Disulfide and Thtone Compounds» 

[0779] The photothermographic material of the thirty-sixth embodiment of the invention may optionally contain any 
50 of mercapto compounds, disulfide compounds and thione compounds which are for retarding, promoting or controlling 
the developability of the material, or for enhancing the spectral sensitivity thereof, or for Improving the storage stability 
thereof before and after development. For the additive compounds, for example, referred to are JP-A 1 0-62899, par- 
agraphs [0067] to [0069]; compounds of formula (I) in JP-A 10-186572, and their examples in paragraphs [0033] to 
[0052]; EP Laid-open 0803764A1 , page 20. lines 36 to 56; and Japanese Patent Application No. 11-237670. Above 
S5 ail, preferred are mercapto-substituted heteroaromatic compounds. 
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<Toning Agent> 

[0780] Adding a toning agent to the photothennographic material of the thirty-sixth embodiment of the invention is 
preferred. Examples of the toning agent usable herein are described in JP-A 10-62899, paragraphs [0054] to [0055J, 
EP Laid-open 0803764A1, page 21, lines 23 to 48; and JP-A 2000-356317; and Japanese Patent Application No! 
2000-187298. Preferred for use herein are phthalazinones (phthalazlnone, phthalazinone derivatives and their metal 
salts, e.g., 4-{1-naphthyl)phthala2inone, 6-chlorophthalazinone, 5,7-dimethoxyphthalazinone, 2,3-dihydro- 
1 ,4-phthalazinedione); combinations of phthalazinones and phthallc acids (e.g., phthaiic acid, 4-methylphthalic acid, 
4-nitrophthaIic acid, diammonium phthalate, sodium phthalate, potassium phthalate, tetrachlorophthalic anhydride); 
phthalazines (phthalazine, phthalazine derivatives and their salts, e.g., 4-(1 *naphthyl)phthalazine, 6-isopropylphthala- 
zine, e-tert-butylphthalazine, 6-chlorophthala2ine, 5,7-dimethoxyphthalazine, 2,3-dihydrophthala2ine); combinations 
of phthalazines and phthaiic acids. IVIore preferred are combinations of phthalazines and phthaiic acids for the silver 
iodide-rich sliver hallde composition for use in this embodiment. 

[0781] The amount of the phthalazines that may be added to the photothennographic material of this embodiment 
preferably falls between 0.01 mols and 0.3 mols, more preferably between 0.02 mols and 0.2 mols. even more preferably 
between 0.02 mols and 0.1 mols per mol of the organic silver salt in the material. The amount of the phthalazines 
added to the material has a significant meaning for solving the problems with the silver iodide-rich silver hallde emulsion 
used herein, or that is, for improving the developabillty of the emulsion. Containing a suitably selected amount of the 
phthalazines, the photothennographic material of this embodiment satisfies the requirements of good developabillty 
and fogging resistance. 

«Plast!cizer, Lubricant» 

[0782] Plasticizers and lubricants that may be in the photosensitive layer of the photothennographic material of the 
first embodiment of the invention are described in, for example, JP-A 11-65021, paragraph [0117]. Lubricants that may 
be in the layer are also described in JP-A 11-84573. paragraphs [0061] to [0064], and JP-A 11-106881, paragraphs 
[0049] to [0062]. 

«Dye, Pigment» 

[0783] The photosensitive layer in the first embodiment of the invention may contain various types of dyes and pig- 
ments (e.g., CJ. Pigment Blue 60, CJ. Pigment Blue 64, C.I. Pigment Blue 15:6) for improving the image tone, for 
preventing interference fringes during laser exposure, and for preventing in-adiation. The details of such dyes and 
pigments are described in, for example, W098/36322. and JP-A 10-268465 and 11-338098. 

«Super'hardener» 

[0784] For fonning super-hard images suitable to printing plates, a super-hardener is preferably added to the image- 
forming layer of the photothennographic material. For such super-hardeners for forming super-hard images, methods 
of using them, and their amounts applicable to the invention, for example, refen-ed to are JP-A 11-65021 , paragraph 
[011 8]; JP-A 1 1 -223898, paragraphs [01 36] to [01 93]; compounds of fomnula (H), those of formulae (1 ) to (3) and those 
of formulae (A) and (B) in JP-A 2000-284399; compounds of fonnulae (III) to (V) in Japanese Patent Application No. 
11-91652, especially concrete compounds in [Fomnula 21] to [Fomnula 24] therein. For hardening promoters also ap- 
plicable to the invention, referred to are JP-A 11 -65021 , paragraph [01 02]; and JP-A 1 1 -223898, paragraphs [01 94] to 
[0195]. 

[0785] In case where fonnic acid or its salt is used for a strong foggant in the invention, it may be added to the 
photosensitive silver halide-containing, image-forming layer of the material, and Its amount is preferably at most 5 
mmols, more preferably at most 1 mmol per mol of silver In the layer 

[0786] In case where a super-hardener is used in the photothennographic material of the first embodiment of the 
invention, it is preferably combined with an acid fomned through hydration of diphosphorus pentoxide or its salt. 
[0787] The acid to be fomried through hydration of diphosphorus pentoxide and Its salts include, for example, met- 
aphosphoric acid (and its salts), pyrophosphoric acid (and its salts), orthophosphoric acid (and Its salts), triphosphoric 
acid (and its salts), tetraphosphoric acid (and its salts), and hexametaphosphoric acid (and its salts). 
[0788] For the acid to be formed through hydration of diphosphonjs pentoxide and its salts, preferred for use herein 
are orthophosphoric acid (and its salts), and hexametaphosphoric acid (and its salts). 

[0789] Concretely, their salts are sodium orthophosphate, sodium dihydrogen-orthophosphate, sodium hexameta- 
phosphate, and ammonium hexametaphosphate. 

[0790] The amount of the acid to be formed through hydration of diphosphorus pentoxide or its salt to be used herein 
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(that is, the amount thereof to be In the unit area, one m2, of the photothemiographic material) may be any desired 
one and may be defined in any desired manner depending on the sensitivity, the fogging resistance and other properties 
of the material. Preferably, however, it falls between 0.1 and 500 mg/m2, more preferably between 0.5 and 100 mg/m^. 

5 <Layer Constitution> 

[0791] The photothemiographic material of the thirty-sixth embodiment of the Invention has a non-image-recording 
surface protective layer on the far side of the support relative to the Image-forming layer, for preventing the surface 
blocking of the image-forming layer. The surface protective layer may have a multi-layered stmcture. The details of 
10 the surface protective layer are described, for example, in JP-A 11-65021 , paragraphs [0119] to [0120], and Japanese 
Patent Application No. 2000-171936. 

[0792] Gelatin is preferred for the binder in the surface protective layer, but polyvinyl alcohol (PVA) is also usable 
for it. Combining the two for the binder is also preferred in the invention of this embodiment. Gelatin for use herein may 
be inert gelatin (e.g., Nitta Gelatin 750), or gelatin phthalide (e.g., Nitta Gelatin 801). For PVA usable herein, referred 
15 to are those described in JP-A 2000-171936, paragraphs [0009] to [0020]. Preferred for PVA for use herein are, for 
example, completely saponified PVA-105; partially saponified PVA-205, PVA-355; and modified polyvinyl alcohol, MP- 
203 (all commercial produces of Kuraray). The polyvinyl alcohol content (per m^ of the support) of one surface protective 
layer preferably falls between 0.3 and 4.0 g/m^, more preferably between 0.3 and 2.0 g/m^. 

[0793] In case where the photothermographic material of the thirty-sixth embodiment of the invention is used In the 

20 field of printing that require high-level dimensional stability, it is desirable to use a polymer latex in the surface protective 
layer or the back layer of the material. The polymer latex for that purpose is described in, for example, Synthetic Resin 
Emulsions (by Taira Okuda & Hiroshi Inagaki, the Polymer Publishing Association of Japan, 1978); Applications of 
Synthetic Latexes (by Takaaki Sugimura, Yasuo Kataoka, Sohichi Suzuki & Keiji Kasahara, the Polymer Publishing 
Association of Japan, 1 993); and Chemistry of Synthetic Latexes (by Sohichi Murol, the Polymer Publishing Association 

25 of Japan, 1970). Concretely, it includes, for example, methyl methacrylate (33.5 wt.%)/ethyl acrylate (50 wt.%)/meth- 
acrylic acid (16.5 wt.%) copolymer latex; methyl methacrylate (47.5 wt.%)/butadiene (47.5 wt.%)/itaconic acid (5 wt. 
%) copolymer latex; ethyl acrylate (50 vyrt.%)/methacryllc acid (50 wt.%) copolymer latex; methyl methacrylate (58.9 
wt.%)/2-ethyIhexyl acrylate (25.4 wt.%)/styrene (8.6 wt.%)/2-hydroxyethyl methacrylate (5.1 wt.%)/acrylic acid (2.0 wt. 
%) copolymer latex; and methyl methacrylate (64.0 wt.%)/styrene (9.0 wt.%)/butyl acrylate (20.0 wt.%)/2-hydroxyethyl 

30 methacrylate (5.0 wt.%)/acrylic acid (2.0 wt.%) copolymer latex. For the binder for the surface protective layer in this 
embodiment, for example, referred to are the polymer latex combinations as in Japanese Patent Application No. 
11-6872; the techniques as in JP-A 2000-267226. paragraphs [0021] to [0025]; the techniques as In Japanese Patent 
Application No. 11-6872, paragraphs [0027] to [0028]; and the techniques as In JP-A 2000-19678, paragraphs [0023] 
to [0041]. The ratio of the polymer latex in the surface protective layer preferably falls between 10 % by weight and 90 

35 % by weight, more preferably between 20 % by weight and 80 % by weight of all the binder in the layer. 

[0794] The overall binder content (including water-soluble polymer and latex polymer, per m2 of the support) of one 
surface protective layer preferably falls between 0.3 and 5.0 g/m^, more preferably between 0.3 and 2.0 g/m^. 
[0795] The temperature at which the coating liquid for the image-forming layer in the thirty-sixth embodiment of the 
invention is prepared preferably falls between 30'»C and 65*C, more preferably between 35'*C and lower than 60°C, 

40 even more preferably between 35'»C and 55*C. Also preferably, the temperature of the coating liquid Is kept between 
30'C and 65"C immediately after a polymer latex is added thereto. 

[0796] One or more Image-forming layers are fomried on one support to produce the photothemiographic material 
of the thirty-sixth embodiment of the invention. In case where the material has one Image-forming layer, the layer 
comprises an organic silver salt, a photosensitive silver halide, a reducing agent and a binder, optionally containing a 

45 toning agent, a coating aid and other auxiliary agents. In case where the material has two or more image-forming 
layers, the first Image-forming layer (in general, this is directly adjacent to the support) must contain an organic silver 
salt and a photosensitive silver halide, and the second image-forming layer or the two layers must contain the other 
ingredients. The photothemnographic material for multi-color expression of the invention of this embodiment may have 
combinations of these two layers for the respective colors, or may contain all the necessary Ingredients In a single 

50 layer, for example, as in USP 4,708,928. In the photothemnographic material of a type containing multiple dyes for 
multi-color expression, the individual emulsion layers are generally differentiated and spaced from the others via a 
functional or non-functional barrier layer between the adjacent emulsion layers, for example, as in USP 4,460,681 . 
[0797] The photosensitive layer (image-forming layer) of the photothermographic material of the thirty-sixth embod- 
iment of the invention may contain various types of dyes and pigments (e.g., C.I. Pigment Blue 60, C.I. Pigment Blue 

55 64, C.I. Pigment Blue 15:6) for improving the image tone, for preventing Interference fringes during laser exposure, 
and for preventing irradiation. The details of such dyes and pigments are described in, for example, W098/36322, and 
JP-A 10-268465, 11-338098. 

[0798] In general, the photothemnographic material has non-photosensltlve layers In addition to photosensitive layers 
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(image-forming layers). Depending on their positions, the non-photosensitive layers are classified into (1) a protective 
layer to be disposed on a photosensitive layer (remoter from the support than the photosensitive layer); (2) an interlayer 
to be disposed between adjacent photosensitive layers or between a photosensitive layer and a protective layer; (3) 
an undercoat layer to be disposed between a photosensitive layer and a support; (4) a back layer to be disposed on 
a support opposite to a photosensitive layer. The layers (1 ) and (2) are filter layers that are in the photothennographlc 
material. The layers (3) and (4) are antihalation layers In the material. 

[0799] The photothermographic material of the thirty-sixth embodiment of the invention may have an antihalation 
layer remoter from the light source to which it is exposed than its photosensitive layer 

[0800] The antihalation layer is described in, for example, JP-A 11-65021, paragraphs [0123] to [0124]; JP-A 
11-223898. 9-230531, 10-36695, 10-104779. 11-231457, 11-352625, 11-352626, 

[0801] The antihalation layer contains an antihalation dye capable of absorbing the light to which the photothermo- 
graphic material is exposed. In case where the photothermographic material is exposed to IR rays, IR-absorbIng dyes 
may be used for antihalation. In that case, it Is desirable that the dyes do not absorb visible light. 
[0802] On the other hand, in case where visible light-absorbing dyes are used for antihalation, It is desirable that the 
dyes used are substantially decolored after image fonnation on the material, for which, for example, usable are de- 
coloring agents that have the ability to decolor the dyes when heated in the step of thermal development. Preferably, 
a thermal decoloring dye and a base precursor are added to the non-photosensitive layers so that the layers containing 
them may function as antihalation layers. The details of this technique are described in, for example, JP-A 11-231457. 
[0803] The amount of the decoloring dye to be added shall be detemnined, depending on the use of the dye. In 
general, its amount is so detemriined that the dye added could ensure an optical density (absorbance). measured at 
an Intended wavelength, of larger than 1 .0. The optical density preferably falls between 0.2 and 2. The amount of the 
dye capable of ensuring the optical density falling within the range may be generally from 0.001 to 1 g/m^ or so. 
[0804] Decoloring the dyes in the photothemiographic material In that manner can lower the optical density of the 
material to 0,1 or less after thenmal development. Two or more different types of decoloring dyes may be in the ther- 
modecoloring recording material or the photothermographic material. Similarly, two or more different types of base 
precursors may be in the material. 

[0805] In thethennodecoloring material of the type that contains a decoloring dye and a base precursor, it is desirable 
in view of the thermodecoloring ability of the material that the base precursor therein is combined with a substance 
which, when mixed with the base precursor, can lower the melting point of the mixture by at most S^C (e.g., diphenyl 
sulfone, 4-chlorophenyl(phenyl) sulfone), for example, as in JP-A 11-352626. 

[0806] In the thirty-sixth embodiment of the invention, a coloring agent having an absorption maximum in the range 
falling between 300 and 450 nm may be added to the photothemiographic material for improving the silver tone and 
the Image stability of the material. The coloring agent is described in, for example, JP-A 62-210458, 63-104046, 
63-1003235. 63-208846. 63-306436. 63-314535, 01-61745, 2001-100363. 

[0807] In general, the amount of the coloring agent to be added to the material falls between 0.1 mg/m^ and 1 g/m2 
Preferably, it is added to the back layer that is opposite to the photosensitive layer of the material. 
[0808] Preferably, the photothemiographic material of thirty-sixth embodiment of the invention has, on one surface 
of its support, at least one photosensitive layer (image-forming layer) that contains a photosensitive silver halide emul- 
sion, and has a back layer on the other surface thereof. This is refen-ed to as a single-sided photothermographic 
material. 

[0809] Also preferably, the photothermographic material of the thirty-sixth embodiment of the invention contains a 
matting agent which is for improving the transferability of the material. Matting agents are described in JP-A 1 1 -65021 , 
paragraphs [0126] to [0127]. The amount of the matting agent to be added to the photothemiographic material of this 
embodiment preferably falls between 1 and 400 mg/m^, more preferably between 5 and 300 mg/m^ of the material. 
[0810] The degree to which the emulsion surface of the photothermographic material of this embodiment is matted 
is not specifically defined, so far as the matted layer surface is free from Stardust trouble, but is preferably such that 
the Beck's smoothness of the matted surface could fall between 30 seconds and 2000 seconds, more preferably be- 
tween 40 seconds and 1500 seconds. The Beck's smoothness Is readily obtained according to JIS P8119 (method of 
testing surface smoothness of paper and paper boards with Beck tester), and to TAPPI Standard T479. 
[0811] Regarding the matting degree of the back layer of the photothenmographic material of the thirty-sixth embod- 
iment of the invention, the Beck's smoothness of the matted back layer preferably falls between 10 seconds and 1 200 
seconds, more preferably between 20 seconds and 800 seconds, even more preferably between 40 seconds and 500 
seconds. 

[0812] Preferably, the photothermographic material of the thirty-sixth embodiment of the invention contains a matting 
agent in the outermost surface layer, or in a layer functioning as an outenmost surface layer, or in a layer nearer to the 
outermost surface. Also preferably, it may contain a matting agent in a layer functioning as a protective layer. 
[0813] The details of the back layer applicable to the thirty-sixth embodiment of the invention are described in JP-A 
11-65021, paragraphs [0128] to [0130]. 
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[0814] Also preferably, the surface of the photothermographic material of the thirty-sixth embodiment of the invention 
has a pH of at most 7.0, more preferably at most 6.6, before developed under heat. The lowermost limit of the pH is 
not specifically defined, but may be at least 3 orso. Most preferably, the pH range falls between 4 and 6.2. For controlling 
the surface pH of the photothermographic material, employable are nonvolatile acids, for example, organic acids such 
5 as phthalic acid derivatives, or sulfuric acid, or nonvolatile bases such as ammonia. These are preferred as effective 
for reducing the surface pH of the material. Especially preferred for the surface pH-lowering agent is ammonia, as it 
is highly volatile, and therefore can be readily removed while the coating liquids containing it are coated and surely 
before thermal development. 

[0815] Also preferred is combining ammonia with a nonvolatile base such as sodium hydroxide, potassium hydroxide 
10 or lithium hydroxide. For measuring the surface pH of the photothermographic material, referred to is the description 
in JP-A 2000-284399, paragraph [0123]. 

[0816] A hardening agent may be added to the photosensitive layer (image-forming layer), the protective layer, the 
back layer and other layers constituting the photothemio graphic material of the thirty-sixth embodiment of the invention. 
The details of the hardening agent applicable to this embodiment are described in T.H. James' The Theory of the 

IS Photographic Process, AXh Ed. (Macmillan Publishing Co., Inc., 1977), pp. 77-87. For example, preferred for use herein 
are chromium alum, 2.4-dichloro-6-hydroxy-s-trla2ine sodium salt, N,N-ethylenebis(vinylsulfonacetamide), N.N-pro- 
pylenebis(vlnylsuIfonacetamide); as well as polyvalent metal ions described on page 78 of that reference; polylsocy- 
anates described in USP 4,281 ,060 and JP-A 6-208193; epoxy compounds described in USP 4,791 ,042; and vlnyl- 
sulfone compounds described in JP-A 62-89048. 

20 [0817] The hardening agent is added to the coating liquids in the form of its solution. The time at which the solution 
is added to the coating liquid for the protective layer may fall between 1 80 minutes before coating the liquid and a time 
just before the coating, preferably between 60 minutes before the coating and 10 seconds before it. However, there is 
no specific limitation thereon, so far as the method and the condition employed for adding the hardening agent to the 
coating liquid ensure the advantages of the invention. Concretely for adding it, employable is a method of mixing a 

25 hardening agent with a coating liquid in a tank in such a controlled manner that the mean residence time for the agent 
as calculated from the amount of the agent added and the flow rate of the coating liquid to a coater could be a prede- 
termined period of time; or a method of mixing them with a static mixer, for example, as in N. Harunby, M. F. Edwards 
& A. W. Nienow's Liquid Mixing Technology, Chap. 8 (translated by Koji Takahasi, published by Nikkan Kogyo Shinbun, 
1989). 

30 [0818] Surfactants applicable to the photothermographic material of the thirty-sixth embodiment of the invention are 
described in JP-A 11-65021 , paragraph [0132]; solvents applicable thereto are in the same but in paragraph [0133]; 
supports applicable thereto are in the same but in paragraph [01 34]; antistatic and electroconduclive layers applicable 
thereto are In the same but in paragraph [0135]; methods of fomiing color images applicable thereto are In the same 
but in paragraph [0136]; lubricants applicable thereto are in JP-A 11-84573. paragraphs [0061] to [0064] and JP-A 

35 11-1 06 881 , paragraphs [0049] to [0062]. 

[0819] The support of the photothemnographic material of the thirty-sixth embodiment of the invention is preferably 
a transparent support. For it, preferred are biaxial ly-stretched films of polyesters, especially polyethylene terephthalate 
heated at a temperature falling between 130 and 185°C. The heat treatment Is for removing the internal strain that 
may remain in the biaxially-stretched films and for preventing the film supports from being thermally shrunk during 

40 themial development of the material. In case where the photothemiographic material of the invention of this embodi- 
ment is for medical treatment, the transparent support for it may be colored with a blue dye (for example, with Dye-1 
used in the examples in JP-A 8-240877), or may not be colored. Preferably, the support of the photothemiographic 
material of this embodiment is undercoated, for example, with a water-soluble polyester as In JP-A 1 1 -84574; a styrene- 
butadiene copolymer as in JP-A 1 0-1 86565; or a vinylidene chloride copolymer as in JP-A 2000-39684 and Japanese 

45 Patent Application No. 11-1 06881 , paragraphs [0063] to [0080]. For the antistatic layer and the undercoat layer to be 
formed in the invention of this embodiment, for example, referred to are the techniques disclosed in JP-A 56-143430, 
56-143431 , 58-62646, 56-120519. 11-84573. paragraphs [0040] to [0051]; USP 5,575,957; and JP-A 11-223898, par- 
agraphs [0078] to [0084]. 

[0820] Preferably, the photothermographic material of the thirty-sixth embodiment of the invention is of a monosheet 
50 type. The monosheet type does not require any additional sheet to receive images thereon, but may directly form 

images on itself. 

[0821] The photothermographic material of the thirty-sixth embodiment of the invention may optionally contain an 
antioxidant, a stabilizer, a plasticizer, a UV absorbent or a coating aid. Such additives maybe in any of the photosensitive 
layers or the non-photosensitive layers of the material. For the additives, for example, referred to are W098/36322, 
55 EP 803764A1, JP-A 10-186567 and 10-18568. 
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<Fabrication of Photothermographic Material> 

[0822] To fabricate the photothermographic material of the thirty-sixth embodiment of the invention, the coating liquids 
may be applied onto a support in any desired manner. Concretely, various types of coating techniques are employable 
herein, Including, for example, extrusion coating, slide coating, curtain coating, dipping, knife coating, and flow coating. 
Various types of hoppers for extrusion coating employable herein are described In USP 2,681 ,294. Preferred for the 
photothermographic material of the invention of this embodiment is extaision coating or slide coating described In 
Stephen F. Kistler & Petert M. Schweizer's Liquid Film Coating (Chapman & Hall, 1997), pp. 399-536. More preferred 
is slide coating. One example of the shape of a slide coater for slide coating is in Figure 11b-1 , on page 427 of that 
reference. If desired, two or more layers may be fomied at the same time, for example, according to the methods 
described from page 399 to page 536 of that reference, orto the methods described in USP 2,761 ,791 and BP 837,095. 
[0823] Preferably, the coating liquid for the image-fomning layer in the thirty-sixth embodiment of the Invention Is a 
thixotropic flow. For It, refen-ed to is the technique described in JP-A 11-52509. Preferably, the coating liquid for the 
image-forming layer in the invention of this embodiment has a viscosity falling between 400 mPa-s and 1 00,000 mPa s, 
more preferably between 500 mPa-s and 20,000 mPa s, at a shear rate of 0.1 sec-i. Also preferably, the viscosity falls 
between 1 mPa-s and 200 mPa-s, more preferably between 5 mPa-s and 80 mPa-s, at a shear rate of 1000 secri. 
[0824] Other techniques applicable to the photothemiographic material of the thirty-sixth embodiment of the invention 
are. for example, in EP 803764A1, EP 883022A1, W098/36322; JP-A 56-62648, 58-62644, 9-43766, 9-281637, 

9- 297367, 9-304869, 9-311405, 9-329865, 10-10669, 10-62899. 10-69023, 10-186568, 10-90823, 10-171063, 

10- 186565, 10-186567, 10-186569 to 10-186572, 10-197974, 10-197982, 10-197983, 10-197985 to 10-197987, 

10- 207001, 10-207004, 10-221807, 1 0-282601 , 1 0-288823, 10-288824, 10-307365. 10-312038, 10-339934, 11-7100, 

11- 15105, 11-24200, 11-24201, 11-30832, 11-84574, 11-65021, 11-109547, 11-125880, 11-129629, 11-133536 to 
1 1 -1 33539. 1 1 -1 33542, 1 1 -1 33543, 1 1 -223898, 1 1 -352627, 1 1 -305377, 1 1 -305378. 1 1 -305384, 1 1 -305380. 11-31 6435. 
11-327076, 11-338096, 11-338098, 11-338099, 11-343420; and Japanese Patent Application Nos. 2000-187298, 
2000-10229, 2000-47345. 2000-206642, 2000-98530, 2000-98631, 2000-112059. 2000-112060, 2000-112104. 
2000-1 1 2064. 2000-1 71 936, 

<Packaging Material for Photothermographic i^aterial> 

[0825] Preferably, the photothermographic material of the thirty-sixth embodiment of the invention is wrapped with 
a material of low oxygen and/or moisture pemieability for preventing its photographic properties from varying and for 
preventing It from curting or from having a curied habit while stored as raw films. Preferred examples of the packaging 
material of low oxygen and/or moisture pemieabHity for use herein are described, for example. In JP-A 8-254793, 
2000-206653. 

<Exposure and Thermal De^elopment> 

[0826] The photothermographic material of the thirty-sixth embodiment of the invention may be developed In any 
manner. In general, after having been imagewise exposed, it Is developed under heat. Preferably, the temperature for 
the development falls between 80 and 250»C, more preferably between 1 00 and 1 40'*C. The time for the development 
preferably falls between 1 and 60 seconds, more preferably between 5 and 30 seconds, even more preferably between 
10 and 20 seconds. 

[0827] For themia! development for the material, prefen-ed is a plate heater system. For the plate heater system for 
the materia! of the invention, preferred is the method described in JP-A 11-133572. The plate heater system described 
therein is for thermal development of photothemiographic materials, in which a photothermographic material having 
been exposed to have a latent image thereon is brought into contact with a heating unit in the zone forthenmal devel- 
opment to thereby convert the latent image into a visible image. In this, the heating unit comprises a plate heater, and 
multiple presser rolls are disposed In series on one surface of the plate heater. The exposed photothemiographic 
material Is passed between the multiple pressure rolls and the plate heater, whereby It is developed under heat. The 
plate heater is sectioned into 2 to 6 stages, and it is desirable that the temperature of the top stage is kept lower by 1 
to 1 0^^C or so than that of the others. The system is also described in JP-A 54-30032. In the plate heater system, water 
and organic solvent that remain in the photothermographic material being processed can be removed out of the material. 
In this, in addition, the support of the photothermographic material rapidly heated is prevented from being deformed. 
[0828] Laser rays may be used for the light source to which the photothermographic material of the thirty-sixth em- 
bodiment of the invention is exposed. One problem with the silver Iodide-rich silver halide emulsion to be used in this 
embodiment is that its sensitivity is low. However, we, the present inventors have found that, when an Image is written 
on the emulsion layer of the photothermographic material of the Invention through exposure to high-Intensity laser rays, 
the energy necessary for Image formation thereon may be reduced. Accordingly, when an image Is written on the layer 
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through exposure to such strong light for a short period of time, the layer ensures the intended sensitivity. 
[0829] On the surface of the photothermographic material, the quantity of !ight to which the material is exposed to 
form thereon an image having a maximum density preferably falls between 0.1 W/mm^ and 1 00 W/mm^, more prefer- 
ably between 0.5 W/mm2 and 50 W/mm2, even more preferably between 1 W/mm2 and 50 W/mm^. 

5 [0830] For the laser rays to which the photothenmographic material of this embodiment is exposed, preferred are 
gas lasers (Ar*, He-Ne), YAG lasers, color lasers, or semiconductor lasers. Also employable is a combination of sem- 
iconductor lasers and secondary hanmonlcs generators. The lasers preferred for the photothermographic material of 
this embodiment shall be defined In accordance with the absorption peak wavelength of the color sensitizing dyes in 
the material. For example, the lasers preferred for the photothemriographic material of this embodiment are He-Ne 

10 lasers for red to IR emission, semiconductor lasers for red emission, Ar+, He-Ne and He-Cd lasers for blue to green 
emission, and semiconductor lasers for blue emission. Corresponding to these, the peak wavelength of the laser rays 
for use herein preferably falls between 600 nm and 900 nm, more preferably between 620 nm and 850 nm. Also 
preferred are laser rays of which the peak wavelength falls between 300 nm and 500 nm, more preferably between 
400 nm and 500 nm. 

15 [0831] In addition, laser rays that multiply oscillate In the machine direction through high-frequency superimposition 
are also preferred for use herein. 

[0832] One example of laser imagers for medical treatment equipped with an exposure unit and a themnal develop- 
ment unit that are applicable to the invention of this embodiment is Fuji Medical Dry Laser Imager FM-DP L. The system 
FM-DP L is described in Fuji Medical Review No. 8. pp. 39-55. Needless-to-say, the technique disclosed therein is 
20 applicable to laser imagers for the photothermographic material of the thirty-sixth embodiment of the invention. In 
addition, the photothemiographk; material of this embodiment can be processed in the laser imager in the AD Network 
which Fuji Medical System has proposed for a network system under DICOM Standards. 

[0833] The photothemriographic material of the thirty-sixth embodiment of the invention fonns a monochromatic im- 
age based on silver, and is favorable for use in medical diagnosis, industrial photography, printing, and COM. 

25 

-Forty-fourth embodiment of Photothermographic P>Aaterial- 

[0834] The forty-fourth embodiment of the invention is described in detail hereinunder. 

[0835] The forty-fourth embodiment of the present invention is a photothermographic material comprising a support 
30 having thereon at least a photosensitive silver halide, a non-photosensitive organic silver salt, a reducing agent and a 

binder; wherein the mean silver iodide content of the photosensitive silver halide is 6 mol % to 100 mol %, wherein the 

non-photosensitive organic silver salt is prepared from an organic add including at least behenic acid and erucic acid, 

and the erucic acid content of the non-photosensitive organic silver salt is 1 x 10*6 mol % to 10 mol % relative to the 

number of mols of the whole organic acid. 
35 [0836] Regarding the halogen composition of the photosensitive silver halide in this embodiment, it is a matter of 

Importance that the silver halide has a silver iodide content of from 5 mol% to 1 00 mol%. The details of the photosensitive 

silver halide for use herein are described hereinunder. 

[0837] In general, the sensitivity of such a silver iodide-rich silver halide emulsion is low and the utility value thereof 
is therefore low. 

40 [0838] Preferably in the forty-fourth embodiment of the invention, a part of the silver halide has a phase capable of 
absorbing light through direct transition. It is well known that high silver iodide grains having a hexagonal-system 
wurtzite structure or a cubic-system zinc-blend structure realize light absorption through direct transition in the wave- 
length range of from 350 nm to 450 nm in which the silver halide grains are exposed to light. However, the sensitivity 
of the silver halide having such an absorption structure is generally tow, and the utility value thereof in the field of 

45 photography is therefore low. 

[0839] Through our studies, we, the present inventors have found that, in a photothermographic material containing 
a non-photosensltlve organic silver salt and a reducing agent, when the non-photosensitive organic silver salt Is pre- 
pared from an organic acid at least containing behenic acid and enjcic acid and when the erucic acid content of the 
organic silver salt is specifically controlled and further when the material is exposed to high-Intensity light of at least 1 

50 mW/mm2, then the material may have a high sensitivity even though the photosensitive silver halide therein has a high 
silver iodide content, and may fomn sharp images. Our studies have further revealed that the grain size of the silver 
halide grains In the photothermographic material of this embodiment is preferably at most 80 nm. Containing such 
small-size silver halide grains, the advantages of the photothermographic material of this embodiment are more re- 
maricable. 

55 [0840] The constitutive elements of the photothermographic material of the forty-fourth embodiment of the invention 
are described in detail hereinunder. 
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<Photosensitive Silver HaHde> 

[0841] The photosensitive silver halide for use in the forty-fourth embodiment of the invention is described. 
«Halogen Composition» 

[0842] The mean silver iodide content of the photosensitive silver halide for use in the forty-fourth embodiment of 
the invention must fall between 5 mol% and 100 mol%. Preferably, it falls between 10 mol% and 100 mol%, more 
preferably between 40 mol% and 100 mol%, even more preferably between 70 mol% and 100 mol%, still more pref- 
erably between 90 mol% and 100 moI%. Containing such silver iodide-rich silver halide grains, the advantages of the 
photothemnographic material of this embodiment are more remarkable. 

[0843] Preferably, the silver halide in this embodiment has a direct transition absorption derived from the specific 
silver iodide crystal structure thereof, in the wavelength range of from 350 nm to 440 nm. Silver halides having such 
a direct transition for light absorption can be readily differentiated from any others by analyzing them as to whether or 
not they show an exciton absorption caused by their direction transition at around 400 nm to 430 nm. 
[0844] The high silver iodide phase of such a type of direct transition light absorption may exist alone In the silver 
halide emulsion for use herein, but may be conjugated with any other silver halide phase having an indirect transition 
absorption In a wavelength range of from 350 nm to 440 nm, for example, with silver bromide, silver chloride, sih^er 
bromoiodide, silver chloroiodide or their mixed crystals. Any of these are preferred for use herein. 
[0845] Preferably, the mean silver iodide content of the conjugated grains of that type also falls between 5 moI% and 
100 mol% as a whole, more preferably between 10 mol% and 1 00 mol%, even more preferably between 40 mol% and 
100 mol%, still more preferably between 70 mol% and 100 mol%, furthermore preferably between 90 mol% and 100 
mol%. 

[0846] The silver halide phase of the type of direct transition light absorption generally absorbs much light, but as 
compared with other silver halide phases of the other type of indirect transition light absorption that absorb only a little 
light, its sensitivity Is low and therefore its industrial use has not heretofore been taken Into much consideration. 
[0847] We, the present inventors have found that, when the specific sliver halide composition is used In fabricating 
the photothennographic material as in this embodiment, then the sensitivity of the material is high when exposed to 
light falling within a range of from 350 nm to 440 nm and having an intensity of at least 1 mW/mm2. The wavelength 
range of the light to which the material is exposed preferably falls between 350 nm and 430 nm, more preferably 
between 380 nm and 41 0 nm. The exposure mode in this embodiment is described in detail with reference to the mode 
of Image fonmation to be described hereinunder. 

«Grain Size» 

[0848] More preferably, the grain size of the photosensitive sliver halide for use In the forty-fourth embodiment of the 
invention falls between 5 nm and 80 nm for producing better results. We, the present inventors have found that the 
sensitivity of the photothennographic material of this embodiment Is higher when the grain size of the silver halide 
grain in the material is small, concretely at most 80 nm. 

[0849] More preferably, the grain size of the photosensitive silver halide In this embodiment falls between 5 nm and 
60 nm, even more preferably between 1 0 nm and 50 nm. The grain size referred to herein is meant to Indicate the 
diameter of the circular Image having the same area as the projected area of each silver halide grain (for tabular grains, 
the main face of each grain Is projected to detemilnethe projected area of the grain). 

«Method of Forming Grams» 

[0850] Methods of forming the photosensitive silver halide are well known In the art, for example, as in Research 
Disclosure ^7029 (June 1 978), and USP 3,700,458, and any known method is employable in the invention. Concretely 
a silver source compound and a halogen source compound are added to gelatin or any other polymer solution to 
prepare a photosensitive silver halide, and it is then mixed with an organic silver salt. This method is prefen-ed for the 
invention. Also preferred are the method described in JP-A 11-11 9374. paragraphs [021 7] to [0244]; and the methods 
described In Japanese Patent Application No. 11-98708 and JP-A 2000-347335. 

«Grain Morphology» 

[0851] Silver halide grains generally have different types of morphology, Including, for example, cubic grains, octa- 
hedral grains, tabular grains, spherical grains, rod-like grains, and potato-like grains. In the forty-fourth embodiment 
of the invention, cubic sih^er hatide grains are especially preferred. Also prefen-ed are corner-rounded silver halide 
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grains. The surface index (IVIIIler index) of the outer surface of the photosensitive silver halide grains for use herein is 
not specifically defined, but is desirably such that the proportion of {100} plane, which ensures higher spectral sensi- 
tization when it has adsorbed a color-sensitizing dye, in the outer surface is larger Preferably, the proportion of (100) 
plane in the outer surface is at least 50 %. nnore preferably at least 65 %, even nnore preferably at least 80 %. The 
5 Miller index indicated by the proportion of {100} plane can be identified according to the method described by T Tani 
In J, Imaging Sci, 29, 165 (1985), based on the adsorption dependency of sensitizing dye onto {111} plane and {100} 
plane. 

«Heavy Metal» 

10 

[0852] In the forty-fourth embodiment of the invention, preferred are silver halide grains having a hexacyano-metal 
complex in their outermost surface. Preferred examples of the hexacyano-metal complex are [Fe(CN)6]'^. [Fe(CN)6p-, 
[Ru(CN)6^. [OsCCNje)-*-. [Co(CN)6p-, [Rh(CN)6]3*, [lr(CN)6p, [Cr(CN)6]3+, [Re(CN)6]^. Of those, hexacyano-Fe com- 
plexes are more preferred In the forty-fourth embodiment of the invention. 

IS [0853] As hexacyano-metal complexes exist In the fomri of ions in their aqueous solutions, their counter cations are 
of no importance. Preferably, however, the counter cations for the complexes are any of alkali metal Ions such as 
sodium, potassium, rubidium, cesium and lithium Ions; ammonium ions, and alkylammonlum Ions (e.g., tetramethyl- 
ammonium, tetraethylammonium, tetrapropylammonium and tetra(n-butyl)ammonium ions), as they are well miscible 
with water and are favorable to the operation of precipitating silver halide emulsions. 

20 [0854] The hexacyano-metal complex may be added to silver halide grains in the form of a solution thereof in water 
or in a mixed solvent of water and an organic solvent miscible with water (for example, alcohols , ethers, glycols, ketones, 
esters, amides), or In the form of a mixture thereof with gelatin. 

[0855] The amount of the hexacyano-metal complex to be added to the silver halide grains preferably falls between 
1x10-5 mols and 1x10-2 mols, per mol of silver of the grains, more preferably between 1x10-* mols and 1 x 10*3 
25 mols. 

[0856] In order to make the hexacyano-metal complex exist in the outennost surfaces of the silver halide grains, the 
complex is added to an aqueous silver nitrate solution from which are fomned the silver halide grains, after the solution 
has been added to a reaction system to give the grains but before. the grains having been fonmed are finished for 
chemical sensitization such as chalcogen sensitization with sulfur, selenium or tellurium or noble metal sensitization 
30 with gold or the like, or is directly added to the grains while they are rinsed or dispersed but before they are finished 
for such chemical sensitization. To prevent the silver halide grains fomied from growing too much. It is desirable that 
the hexacyano-metal complex is added to the grains immediately after they are fomried. Preferably, the complex is 
added thereto before the grains fomned are finished for post-treatment. 

[0857] The photosensitive silver halide grains for use in the forty-fourth embodiment of the invention may contain a 
35 metal or metal complex of Groups 8 to 10 of the Periodic Table (including Groups 1 to 18). The metal of Groups 8 to 
10, or the center metal of the metal complex is preferably rhodium, ruthenium or iridium. In this embodiment, one metal 
complex may be used alone, or two or more metal complexes of one and the same type of metal or different types of 
metals may also be used as combined. The metal or metal complex content of the grains preferably falls between 1 
X 1 0-s mols and 1 x 1 0-3 mols per mol of silver of the grains. Such heavy metals and metal complexes, and methods 
40 of adding them to the silver halide grains are described In, for example, JP-A 7-225449, JP^A 11-65021 , paragraphs 
[0018] to [0024], and JP-A 11-119374, paragraphs [0227] to [0240]. 

[0858] The metal atoms (e.g., in [Fe(CN)6M that may be added to the silver halide grains for use in the forty-fourth 
embodiment of the invention, as well as the methods of desalting or chemical sensitization of the silver halide emulsions 
are described, for example, in JP-A 11-84574, paragraphs [0046] to [0050], JP-A 11-65021, paragraphs [0025] to 
45 [0031 ], and JP-A 11-11 9374, paragraphs [0242] to [0250]. 

«Getatin» 

[0859] Gelatin of different types may be used In preparing the photosensitive silver halide emulsions for use in the 
50 forty-fourth embodiment of the invention. For better dispersion of the photosensitive silver halide emulsion in an organic 
silver salt-containing coating liquid in producing the photothemnographic material of the invention, prefen^ed is low- 
molecular gelatin having a molecular weight of from 500 to 60,000. The low-molecular gelatin of the type may be used 
in forming the silver halide grains or in dispersing the grains after the grains have been desalted. Preferably, it is used 
in dispersing the grains after they have been desalted. 

55 

«Supersensitizer» 

[0860] For increasing its Intrinsic sensitivity, the photothemnographic material of the forty-fourth embodiment of the 
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invention may contain a supers ens itizer. For the supersensitizer, for example, usable are the compounds described in 
EP Laid-open 587,338. USP 3,877,943. 4.873,184, and JP-A 5-341432, 11-109547 and 10-111543. 

«Chemical SensitizaUon» 

[0861] Preferably, the photosensitive silver halide grains for use in the forty-fourth embodiment of the invention are 
chemically sensitized with, forexample, sulfur, selenium ortellurium. For such sulfur, selenium or tellurium sensitization, 
any known compounds are usable. For example, pretended are the compounds described in JP-A 7-1 28768. The grains 
for use in the forty-fourth embodiment of the invention are especially preferably sensitized with tellurium, for which 
more preferred are the compounds described in JP-A 11-65021. paragraph [0030], and the compounds of fonmulae 
(li). (Ml) and (IV) given in JP-A 5-313284. 

[0862] In the forty-fourth embodiment of the invention, the photosensitive silver halide grains may be chemically 
sensitized in any stage after their fomiation but before their coating. For example, they may be chemically sensitized 
after desalted, but (1 ) before spectral sensitization, or (2) along with spectral sensitization, or (3) after spectral sensi- 
tization, or (4) just before coating. 

[0863] The amount of the sulfur, selenium or tellurium sensitizer for such chemical sensitization in the forty-fourth 
embodiment of the invention varies, depending on the type of the silver halide grains to be sensitized therewith and 
the condition for chemically ripening the grains, but may fall generally between 1 0-^ and 1 0*2 mols, preferably between 
10"^ and 10'3 mols or so, per mol of the silver halide. Though not specifically defined, the condition for chemical sen- 
sitization in the forty-fourth embodiment of the invention may be such that the pH falls between 5 and 9, the pAg falls 
between 5 and 10, and the temperature falls between 40 and 95°C or so. 

[0864] If desired, a thiosulfonic acid compound may be added to the silver halide emulsions for use in the forty-fourth 
embodiment of the invention, according to the method described in EP Laid-Open 293,917. 

[0865] The photothemnographic material of the forty-fourth embodiment of the invention may contain only one type 
or two or more different types of photosensitive silver halide grains (these will differ in their mean grain size, halogen 
composition or crystal habit, or in the condition for their chemical sensitization), either singly or as combined. Combining 
two or more types of photosensitive silver halide grains differing in their sensitivity will enable to control the gradation 
of the images to be formed in the photothermographic material. For the technique relating to it, referred to are JP-A 
57-119341, 53-106125, 47-3929. 48-55730, 46-5187, 50-73627, 57-150841. The sensitivity difference between the 
combined sih/er halide grains is preferably such that the respective emulsions differ from each other at least by 0.2 logE. 

«Amount of Stiver Hafide in Photothermographic MateriaS» 

[0866] The amount of the photosensitive silver halide grains to be in the photothemnographic material of this embod- 
iment is. In terms of the amount of silver per m2 of the material, preferably from 0.03 to 0.6 g/m2, more preferably from 
0.07 to 0.4 g/m2 most preferably from 0.05 to 0.3 g/m2. Relative to one mol of the organic silver salt therein, the amount 
of the photosensitive silver halide grains to be in the material preferably falls between 0.01 mols and 0.3 mols, more 
preferably between 0.02 mols and 0.2 mols, even more preferably between 0.03 mols and 0.15 mols. 

«Mode of i^ixing Photosensitive Silver Halide and Organic Silver Salt» 

[0867] Regarding the method and the condition for mixing the photosensitive silver halide grains and an organic 
silver salt having been prepared separately, for example, preferred is a method of mixing them in a high-performance 
stirrer, a ball mill, a sand mill, a colloid mill, a shaking mill, a homogenizer or the like; or a method of adding the 
photosensitive silver halide grains having been prepared to the organic silver salt being prepared, in any desired timing 
to produce the organic silver salt mixed with the silver halide grains. 

[0868] Preferably, the photosensitive silver halide for use in the forty-fourth embodiment of the Invention is fonned 
in the absence of the organic silver salt as in the manner as above. Mixing two or more different types of aqueous, 
organic silver salt dispersions with two or more different types of aqueous, photosensitive silver salt dispersions is also 
prefen-ed for suitably controlling the photographic properties of the photothermographic material of this embodiment. 

«f^ode off^ixing Photosensitive Silver Halide in Coating Uquid» 

[0869] The prefen^ed time at which the silver halide grains are added to the coating liquid which is to fomn the image- 
forming layer on the support of the photothermographic material of the forty-fourth embodiment of the invention may 
fall between 180 minutes before coating the liquid and a time just before the coating, more preferably between 60 
minutes before the coating and 10 seconds before it. However, there is no specific limitation thereon, so far as the 
method and the condition employed for adding the grains to the coating liquid ensure the advantages of the forty-fourth 
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embodiment of the invention. Concretely for mixing them, employable is a method of adding the grains to the coating 
liquid in a tank in such a controlled manner that the mean residence time for the grains In the tank, as calculated from 
the amount of the grains added and the flow rate of the coating liquid to a coater, could be a predetemnined period of 
time; or a method of mixing them with a static mixer, for example, as in N. Harunby, M. F. Edwards & A. W. Nienow's 
5 Liquid Mixing Technoiogy, Chap. 8 (translated by Koji Takahasi, published by Nikkan Kogyo Shinbun, 1 989). 

<Non'photosensitive Organic Silver Salt> 

[0870] The non-photosensitive organic silver salt for use In the forty-fourth embodiment of the invention is described. 
10 [0871] The organic silver salt for use in the forty-fourth embodiment of the invention Is relatively stable to light, but, 
when heated at 80**C or higher In the presence of an exposed photosensitive silver halide and a reducing agent, it 
functions as a silver ion source and fomis a silver Image. The organic silver salt may be any and every organic substance 
that may release sih^er Ions capable of being reduced by a reducing agent. 

[0872] Some non-photosensitive organic silver salts of that type are described, for example, In JP-A 1 0-62899, par- 
ts agraphs [0048] to [0049]; EP Lald-Open 0B03764A1, from page 18, line 24 to page 19, line 37; EP Laid-Open 
096281 2A1 ; JP-A 1 1 -349591 , 2000-7683, 2000-7271 1 . Preferred for use herein are silver salts of organic acids, es- 
pecially silver salts of long-chain (C10 to C30, preferably C15 to C28) aliphatic carboxylic acids. 
[0873] Preferred examples of such organic silver salts are silver lignocerate, silver behenate, silver arachidate, silver 
stearate, silver oleate, silver laurate, silver caproate, silver myristate, silver palmitate, silver erucate and their mixtures. 
20 [0874] The forty-fourth embodiment of the invention is characterized in that the organic silver salt to be used therein 
contains at least silver behenate and silver erucate. Preferably, the silver behenate content of the organic silver salt 
for use In the forty-fourth embodiment of the Invention is at least 50 mol%. more preferably at least 90 mol%, even 
more preferably at least 95 mol%. 

[0875] The forty-fourth embodiment of the invention is also characterized In that the erucic acid content of the non- 
25 photosensitive organic silver salt to be used therein falls between lO"® mol% and 10 mol%, preferably between 10-^ 
mol% and 1 mol%, more preferably betwee 1 Q-^ mol% and lO-"" mol% per mol of all the organic acid to give the non- 
photosensitive organic silver salt. 

[0876] The organic silver salt for use in the forty-fourth embodiment of the invention is not specifically defined for its 
morphology, and may be in any form of acicular, rod-like, tabular or scaly solids. 

30 [0877] Scaly organic silver salts are preferred in the forty-fourth embodiment of the invention. Also preferred are 
short acicular grains having a ratio of major axis to minor axis of at most 5, or rectangular-parallelepiped or cubic grains, 
or amorphous grains such as potato-like grains. These organic silver grains are characterized in that they are fogged 
little through themial development as compared with long acicular grains having a ratio of major axis to minor axis of 
more than 5. Grains having a ratio of major axis to minor axis of at most 3 are more prefen-ed as the mechanical stability 

35 of the coating film with them is better. 

[0878] In this description, the scaly organic silver salts are defined as follows: A sample of an organic silver salt to 
be analyzed is observed with an electronic microscope, and the grains of the salt seen In the field are approximated 
to rectangular parallelopipedons. The three different edges of the thus-approximated, one rectangular parallelopipe- 
done are represented by a, b and c. a is the shortest, c is the longest, and c and b may be the same. From the shorter 

40 edges a and b, x is obtained according to the following equation: 

X = b/a. 

45 [0879] About 200 grains seen in the field are analyzed to obtain the value x, and the data of x are averaged. Samples 
that satisfy the requirement of x (average) ^ 1 .5 are scaly. For scaly grains, preferably. 30 ^ x (average) ^ 1 .5, more 
preferably 20 s x (average) S 2.0. In this connection, the value x of acicular (needle-lilte) grains falls within a range of 
1 < X (average) ^ 1 .5. 

[0880] In the scaly grains, it is understood that a corresponds to the thickness of tabular grains of which the main 
50 plane is represented by b x c. In the scaly organic silver salt grains for use herein, a (average) preferably falls between 
0.01 ^m and 0.23 jim, more preferably between 0.1 \in) and 0.20 ^m; and c/b (average) preferably falls between 1 and 
6, more preferably between 1 .05 and 4, even more preferably between 1.1 and 3. 

[0881] Regarding its grain size distribution, the organic silver salt is preferably a mono-dispersed one. Mono-disper- 
sion of grains refen-ed to herein is such that the value (in ternis of percentage) obtained by dividing the standard 
55 deviation of the minor axis and the major axis of each grain by the minor axis and the major axis thereof, respectively, 
is preferably at most 100 %, more preferably at most 80 %, even more preferably at most 50 %. To detemiine its 
morphology, a dispersion of the organic silver salt may be analyzed on its Image taken by the use of a transmission 
electronic microscope. Another method for analyzing the organic silver salt for mono-dispersion morphology comprises 
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determining the standard deviation of the volume weighted mean diameter of the salt grains. In the method, the value 
in terms of percentage (coefficient of variation) obtained by dividing the standard deviation by the volume weighted 
mean diameter of the salt grains is preferably at most 100 %, more preferably at most 80 %, even more preferably at 
most 50 %. Concretely, (or example, a sample of the organic silver salt is dispersed in a liquid, the resulting dispersion 
s is exposed to a laser ray, and the self-correlation coefficient of the salt grains relative to the time-dependent change 
of the degree of fluctuation of the scattered ray is obtained. Based on this, the grain size (volume weighted mean 
diameter) of the salt grains is obtained. 

[0882] For preparing and dispersing the organic silver salts for use in the forty-fourth embodiment of the invention, 
employable is any known method. For it, for example, referred to are JP-A 10-62899; EP Laid-Open 0803763A1 and 

10 962812A1; JP-A 11-349591 , 2000-7683, 2000-72711; and Japanese Patent Application Nos. 11-348228, 11-348229. 
11-348230. 11-203413, 2000-90093, 2000-195621. 2000-191226, 2000-213813, 2000-214155. 2000-191226. 
[0883] It is desirable that the organic silver salt is dispersed substantially in the absence of a photosensitive sih^er 
salt, since the photosensitive silver salt, if any in the dispersing system, will be fogged and its sensitivity will be signif- 
icantly lowered. For the photothenmographic material of the forty-fourth embodiment of the invention, it is desirable 

15 that the amount of the photosensitive silver salt that may be in the aqueous dispersion of the organic silver salt is at 
most 0.1 mol% relative to one mol of the organic silver salt therein, and it is more desirable that any photosensitive 
sliver salt is not forcedly added to the aqueous dispersion. 

[0884] In the forty-fourth embodiment of the invention, an aqueous dispersion of the organic silver salt may be mixed 
with an aqueous dispersion of the photosensitive silver salt to prepare the photothemriographic material, as so men- 

^ tioned hereinabove. The blend ratio of the organic silver salt to the photosensitive silver salt in the mixture may be 
suitably detemnined depending on the object of the invention. Preferably, the blend ratio of the photosensitive silver 
salt to the organic silver salt in the mixture falls between 1 and 30 mol%, more preferably between 2 and 20 mol%, 
even more preferably between 3 and 15 mol%. Mixing two or more different types of aqueous, organic silver salt 
dispersions with two or more different types of aqueous, photosensitive silver salt dispersions is preferred for controlling 

25 the photographic properties of the resulting mixture. 

[0885] The amount of the organic silver salt to be in the photothermographic material of the forty-fourth embodiment 
of the invention is not specifically defined, and may be any desired one. Preferably, the overall silver amount Including 
silver halide in the material falls between 0.1 and 5 g/m^, more preferably between 0.3 and 3 g/m^, even more preferably 
between 0.5 and 2 g/m^. In particular, the overall silver amount therein is preferably at most 1 ,8 g/m^, more preferably 

30 at most 1 .6 g/m2 Containing the preferred reducing agent therein, the photothermographic material of this embodiment 
ensures a high image density even though its silver amount is low. 

[0886] The erucic acid and behenic acid content of the organic silver salt in the forty-fourth embodiment of the in- 
vention is detennined as follows: The organic acid in a sample to be analyzed is esterified by processing it with dia- 
zomethane at 40°C for 30 minutes, and then the resulting ester is quantified through GC-FID. In GC-FID, the column 
35 used is DB-1 (30 \jum x 0.25 mm<|), df = 0.25 ^m). If the concentration of the organic acid to be quantified is too low, 
the organic acid Is recrystallized in I PA, then the erucic acid having remained in the supernatant is concentrated, and 
it is quantified. 

<Binder> 

40 

[0887] The binder for use in the forty-fourth embodiment of the invention is described. 

[0888] The blnderto be in the organic silver salt-containing layer in the forty-fourth embodiment of the invention may 
be polymer of any type, but is preferably transparent or semitransparent and is generally colorless. For it, for example, 
prefen-ed are natural resins, polymers and copolymers; synthetic resins, polymers and copolymers; and other film- 

^5 forming media. More concretely, they include, for example, gelatins, rubbers, poly(vinyl alcohols), hydroxyethyl cellu- 
loses, cellulose acetates, cellulose acetate butyrates, poly(vinylpyrrolidones), casein, starch, poty(acrylic acids), poly 
(methyl methacrylates), poly(vlnyl chlorides), poly(methacrylic acids), styrene-maleic anhydride copolymers, styrene- 
acrylonitrile copolymers, styrene-butadlene copolymers, poly(vinylacetals) (e.g., poly(vinylfonnal), poly(vinylbutyral)), 
poly(esters), poly(urethanes), phenoxy resins, poly(vinylidene chlorides), poly(epoxides), poly (carbonates), poty(vinyl 

so acetates), poly(olefins), cellulose esters, and poly(amides). The binder may be prepared from water or an organic 
solvent or an emulsion through microencapsulation. 

[0889] The glass transition point Tg of the binder to be in the organic silver salt-containing layer in the forty-fourth 
embodiment of the invention preferably falls between 0*'C and 80°C, more preferably between lO'^C and 70*C, even 
more preferably between 1 S'^C and 65°C. 
55 [0890] In this description, Tg is calculated according to the following equation: 

1/Tg=2(Xin-gi) 
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[0891] The polymer of which the glass transition point Tg is calculated as in the above comprises n's monomers 
copolymerized (i indicates the number of the monomers copolymerized, falling between 1 and n); XI Indicates the mass 
fraction of i'th monomer (EXi = 1); Tgi indicates the glass transition point (in terms of the absolute temperature) of the 
homopolymer of i'th monomer alone; and Z indicates the sum total of i falling between 1 and n. 

5 [0892] For the glass transition point (Tgi) of the homopolymer of each monomer alone, referred to is the description 
In Polymer Handbook (Srd edition) (written by J. Brandmp. E. H. Immergut (Wiley-lnterscience, 1989)). 
[0893] One and the same polymer may be used for the binder, but, if desired, two or more different types of polymers 
may be combined for It. For example, polymer binders that differ in the glass transition point may be combined. In case 
where at least two polymers that differ in Tg are blended for use herein, it is desirable that the weight-average Tg of 

10 the resulting blend falls within the range defined as above. 

[0894] In the forty-fourth embodiment of the invention, it is desirable that the organic silver salt-containing layer is 
formed by applying a coating liquid, in which at least 30 % by weight of the solvent Is water, onto the support followed 
by drying it. 

[0895] In case where the organic silver salt-containing layer in the forty-fourth embodiment of the invention is f omned 
15 by using such a coating liquid in which at least 30 % by weight of the solvent is water, followed by drying it, and in case 
where the binder in the organic silver salt-containing layer is soluble or dispersible in an aqueous solvent (watery 
solvent), especially when the binder in the organic silver salt-containing layer is a polymer latex that has an equilibrium 
water content at 25^*0 and 60 % RH of at most 2 % by weight, the photothemiographic material having the layer of the 
type enjoys better properties. 

20 [0896] Most preferably, the binder for use in this embodiment is so designed that its ionic conductivity is at most 2.5 
mS/cm. For preparing the binder of the type, for example, employable is a method of preparing a polymer for the binder 
followed by purifying it through a functional membrane for fractionation. 

[0897] The aqueous solvent In which the polymer binder is soluble or dispersible is water or a mixed solvent of water 
and at most 70 % by weight of a water-miscible organic solvent. The water-miscible organic solvent includes, for 
25 example, alcohols such as methyl alcohol, ethyl alcohol, propyl alcohol; cellosolves such as methyl cellosolve, ethyl 
cellosolve, butyl cellosolve; ethyl acetate, and dimethylformamide. 

[0898] The temninology "aqueous solvent' referred to herein can apply also to polymer systems in which the polymer 
is not thennodynamically dissolved but is seemingly dispersed. 

[0899] The "equilibrium water content at 25°C and 60 % RH" referred to herein for polymer latex is represented by 
30 the following equation, in which indicates the weight of a polymer in humidity-conditioned equilibrium at 25**C and 
60 % RH, and Wq indicates the absolute dry weight of the polymer at 25*»C. 

Equilibrium water content at 25°C and 60 % RH 
= {(Wi • Wo)/Wo} X 1 00 (wt.%) 

[0900] For the details of the definition of water content and the method for measuring it, for example, referred to is 
Polymer Engineering, Lecture 1 4, Test Methods for Polymer Materials (by the Polymer Society of Japan, Chijin Shokan 
40 Publishing). 

[0901] Preferably, the equilibrium water content at 25''C and 60 % RH of the binder polymer for use in the forty-fourth 
embodiment of the invention is at most 2 % by weight, more preferably from 0.01 to 1 .5 % by weight, even more 
preferably from 0.02 to 1 % by weight. 

[0902] Polymers that serve as the binder in the forty-fourth embodiment of the invention are preferably dispersible 
45 In aqueous solvents. Polymer dispersions include, for example, a type of hydrophobic polymer latex with water-insoluble 
fine polymer particles being dispersed, and a type of molecular or micellar polymer dispersion with polymer molecules 
or micelles being dispersed. Any of these may be employed herein, but preferred is polymer latex dispersion. The 
particles In the polymer dispersions may have a mean particle size falling between 1 and 50000 nm, but preferably 
between 5 and 1000 nm, more preferably between 10 and 500 nm, even more preferably between 50 and 200 nm. 
so The particle size distribution of the dispersed polymer particles is not specifically defined. For example, the dispersed 
polymer particles may have a broad particle size distribution, or may have a narrow particle size distribution of mono- 
dispersion. Combining two or more different types of mono-dispersed polymer particles both having a narrow particle 
size distribution is preferred for suitably controlling the physical properties of the coating liquids for use herein. 
[0903] For the photothemiographic material of the forty-fourth embodiment of the invention, favorably used are hy- 
55 drophobic polymers that are dispersible in aqueous media. The hydrophobic polymers of the type include, for example, 
acrylic polymers, poly(esters), rubbers (e.g., SBR resins), poly(urethanes), poly(vinyl chlorides), poly(vinyl acetates), 
poly(vinylldene chlorides), and poly(olefins). These polymers may be linear, branched or crosslinked ones. They may 
be homopolymers from one type of monomer, or copolymers from two or more different types of monomers. The co- 
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polymers may be random copolymers or block copolymers. The polymers for use herein preferably have a number- 
average molecular weight falling between 5000 and 1000000, more preferably between 10000 and 200000. Polymers 
having a too small molecular weight are unfavorable to the invention, since the mechanical strength of the emulsion 
layer comprising such a polymer is low; but others having a too large molecular weight are also unfavorable since their 
5 workability into filnns is not good. Especially preferred for use herein is crosslinked polymer latex. 

«Speciftc Examples of Polymer Latex» 

[0904] Preferred examples of polymer latex for use herein are mentioned below. 

10 [0905] The following examples are expressed by the constituent monomers, in which each numeral parenthesized 
Indicates the proportion, In temr\s of % by weight, of the monomer unit, and the molecular weight of each constituent 
monomer is in terms of the number-average molecular weight thereof. Polyfunctional monomers fomn a crosslinked 
structure in polymer latex comprising them, to which, therefore, the concept of molecular weight does not apply. The 
polymer latex of the type is referred to as "crosslinked", and the molecular weight of the constituent monomers is 

IS omitted. Tg indicates the glass transition point of the polymer latex. 





P'-1: 


Latex of -St(68)-Bu(29)-AA(3)- (crosslinked, Tg 17°C) 




P-2: 


Latex of -St(71)-Bu(26)-AA(3)- (crosslinked. Tg 24°C) 




P'-3: 


Latex of -St{76)-Bu(24)-AA(1)- (crosslinked, Tg 29*'C) 


20 


P-4: 


Latex of -St(60)-Bu(35)-DVB(3)-MAA(2)- (crosslinked, Tg 6«'C) 




P'-5: 


Latex of -St(70)-Bu(25)-DVB(2)-AA(3)- (crosslinked. Tg 26«'C) 




P'-6: 


Latex of -VDC(85)-MMA(5)-EA(5)-MAA(5)- (molecular weight 67000, Tg -7«C) 




P-7: 


Latex of -Et(90)-MAA(10)- (molecular weight 12000, Tg -^7°C) 




P-8: 


Latex of -St(70)-2EHA(27)-AA(3)- (molecular weigh: 130000, Tg 43''C) 


25 


P-9: 


Latex of -St(70.5)-Bu(26.5)-AA(3)- (crosslinked, Tg 23''C) 




P-10: Latex of -St(69.5)-Bu(27.5)-AA(3)- (crosslinked, Tg 20.5°C) 




[0906] 


Abbreviations of the constituent monomers are as follows: 


30 


MMA: 


methyl methacrylate 




EA: 


ethyl acrylate 




MAA: 


methacrylic acid 




2EHA: 


2-ethylhexyl acrylate 




St: 


styrene 


35 


Bu: 


butadiene 




AA: 


acrylic acid 




DVB: 


divinylbenzene 




VC: 


vinyl chloride 




AN: 


acrylonitrile 


40 


VDC: 


vinylidene chloride 




Et: 


ethylene 




lA: 


itaconic acid 




[0907] 


The polymer latexes mentioned above are available on the market. Some commercial products employable 


45 


herein are mentioned below. Examples of acrylic polymers are CEBIAN A-4635, 4718, 4601 (all from Daicel Chemical 



Industries), and Nipol Lx81 1 , 814, 821 . 820. 857 (all from Nippon Zeon); examples of poly(esters) are FINETEX ES650, 
611 , 675. 850 (all from Dai-Nippon Ink & Chemicals), and WD-size, WMS (both from Eastman ChemicaO; examples 
of poly(urethanes) are HYDRAN AP10. 20. 40 (all from Dai-Nippon Ink & Chemicals): examples of rubbers are LAC- 
STAR 7310K, 3307B (both from Dai-Nippon Ink & Chemicals), and Nipol Lx416, 410, 438C (all from Nippon Zeon); 
so examples of poly(vinyl chlorides) are G351 , G576 (both from Nippon Zeon); examples of poly(vinylidene chlorides) are 
L502, L513 (both from Asahi Kasei); and examples of poly(olefins) are CHEMIPEARL S120, SA100 (both from Mitsui 
Petrochemical). 

«Preferred Polymer Latexes» 

55 

[0908] For the polymer latex for use in the forty-fourth embodiment of the Invention, especially preferred is styrene- 
butadiene copolymer latex. In the styrene-butadiene copolymer, the ratio of styrene monomer units to butadiene mon- 
omer units preferably falls between 40/60 and 95/5 by weight. Also preferably, the styrene monomer units and the 
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butadiene monomer units account for from 60 to 99 % by weight of the copolymer. Still preferably, the polymer latex 
for use in the forty-fourth embodiment of the invention contains from 1 to 6 % by weight, more preferably from 2 to 5 
% by weight of acrylic acid or methacrylic acid relative to the sum of styrene and butadiene therein. Even more pref- 
erably, the polymer latex for use in the forty-fourth embodiment of the invention contains acrylic acid. 

5 [0909] The organic silver salt-containing layer (that is, the image-forming layer) of the photothermographic material 
of the forty-fourth embodiment of the invention may optionally contain a hydrophilic polymer such as gelatin, polyvinyl 
alcohol, methyl cellulose, hydroxypropyl cellulose or carboxymethyl cellulose. The amount of the hydrophilic polymer 
that may be in the layer Is preferably at most 30 % by weight, more preferably at most 20 % by weight of ail the binder 
in the organic silver salt-containing layer. 

10 [0910] Preferably, the polymer latex as above Is used in forming the organic silver salt-containing layer of the pho- 
tothermographic material of the forty-fourth embodiment of the invention. Concretely, the amount of the binder in the 
organic silver salt-containing layer is such that the ratio by weight of total binder/organic silver salt falls between 1/1 0 
and 10/1 , more preferably between 1/3 and 5/1 , even more preferably between 1/1 and 3/1 . 

[0911] The organic silver salt-containing layer is a photosensitive layer (emulsion layer) generally containing a pho- 
15 tosensitive silver salt, that is, a photosensitive silver halide. In the layer, the ratio by weight of total binder/silver halide 
preferably falls between 5 and 400, more preferably between 10 and 200. 

[091 2] The overall amount of the binder In the Image-forming layer of the photothennographic material of the forty- 
fourth embodiment of the invention preferably falls between 0.2 and 30 g/m2, more preferably between 1 and 15 g/m^ 
even more preferably between 2 and 10 g/m2. The image-forming layer in this embodiment may optionally contain a 
20 crosslinking agent, and a surfactant which is for Improving the coatability of the coating liquid for the layer. 

<Reducing Agent> 

[0913] The reducing agent for use in the forty-fourth embodiment of the Invention is described. 

25 [0914] The photothennographic material of the forty-fourth embodiment of the invention contains a reducing agent 
for the organic silver salt therein. The reducing agent may be any and every substance capable of reducing silver ions 
into metal silver, but is preferably an organic substance. Some examples of the reducing agent are described in JP-A 
11-65021 , paragraphs [0043] to [0045], and in EP Laid-Open 0803764A1 , from page 7. line 34 to page 18, line 12. 
[091 5] Especially preferred for the reducing agent in the forty-fourth embodiment of the invention are hindered phenol- 

30 type reducing agents and bisphenol-type reducing agents that have an ortho-positioned substituent relative to the 
phenolic hydroxy! group therein, and more preferred are compounds of the following general formula (R'): 




General Formula (R') 



45 [0916] In formula (R'), R^^ and R^^' each independently represent an alkyl group having from 1 to 20 carbon atoms; 
R^2 and H^^' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring; L 
represents -S- or -CHR''3-; R^^ represents a hydrogen atom, or an alkyl group having from 1 to 20 carbon atoms; 
and X^' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
[091 7] The substltuents In fomnula (R') are described. 

50 

1) Rii and Rii': 

[0918] R11 and R^^' each independently represent a substituted or unsubstituted alkyl group having from 1 to 20 
carbon atoms. The substituent for the alkyl group Is not specifically defined, but preferably includes, for example, an 
55 aryl group, a hydroxyl group, an alkoxy group, an aryloxy group, an alkylthio group, an arylthio group, an acylamino 
group, a sulfonamide group, a sulfonyl group, a phosphoryl group, an acyl group, a carbamoyl group, an ester group, 
an ureido group, an urethane group, and a halogen atom. 
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2) and H^^, and X^*: 

[091 9] Ri 2 and R^^* each independently represent a hydrogen atom, or asubstituent substitutable to the benzene ring. 
[0920] XI and X^' each independently represent a hydrogen atom, or a substltuent substitutable to the benzene ring. 
Preferred examples of the substituent substitutable to the benzene ring are an alkyi group, an aryl group, a halogen 
atom, an alkoxy group, and an acylamino group. 

3) L: 

[0921] L represents a group of -S- or -CHR13.. r13 represents a hydrogen atom or an aikyi group having from 1 to 
20 carbon atoms. The alkyI group may be substituted. 

[0922] Specific examples of the unsubstituted alkyI group for Ria are methyl, ethyl, propyl, butyl, heptyl, undecyl, 
Isopropyl, 1-ethylpentyl and 2,4,4-trlmethylpentyl groups. For the substituent for the substituted alkyI group for R^^ 
refen-ed to are those mentioned hereinabove for the substituted alkyI group for R^^ 

4) Preferred substituents: 

[0923] For R11 and R^^', preferred is a secondary or tertiary alky! group having from 3 to 1 5 carbon atoms, concretely 
including, for example, isopropyl. isobutyl. t-butyl, t-amyl, t-octyl, cyclohexyl. cyclopentyl, 1 -methylcyclohexyl and 
1-methylcyclopropyl groups. ForRii and R^i', morepreferredisatertlary alky I group having from 4 to 12 carbon atoms; 
even more preferred is any of t-butyl, t-amyl and 1 -methylcycohexyl groups; and most preferred is a t-butyl group. 
[0924] Preferably, Ris and Ri2* each are an alkyI group having from 1 to 20 carbon atoms, concretely including, for 
example, methyl, ethyl, propyl, butyl, isopropyl, tert-butyl. tert-amyl, cyclohexyl, 1 -methylcyclohexyl. benzyl, meth- 
oxymethyl and methoxyethyl groups. For these, more preferred are methyl, ethyl, propyl, isopropyl and tert-butyl 
groups. 

[0925] Also preferably, X^ and X^ ' each are a hydrogen atom, a halogen atom or an alkyI group; and more preferably, 
they are both hydrogen atoms. 
[0926] L Is preferably "CHR13-. 

[0927] Also preferably, R13 is a hydrogen atom, or an alkyI group having from 1 to 15 carbon atoms. Preferred ex- 
amples of the alkyI group are methyl, ethyl, propyl, isopropyl and 2,4,4-trlmethylpentyl groups. More preferably. Ri3 is 
a hydrogen atom, a methyl group, a propyl group or an isopropyl group. 

[0928] In case where R^^ |s a hydrogen atom, Ri2 r12' each are preferably an alkyI group having from 2 to 5 
cartDon atonrw, more preferably an ethyl or propyl group, most preferably, they are both ethyl groups. 
[0929] In case where Ri3 is a primary or secondary alkyI group having from 1 to 8 carbon atoms. R12 and R12' are 
preferably both methyl groups. The primary or secondary alkyI group having from 1 to 8 carbon atoms for R^a is pref- 
erably a methyl, ethyl, propyl or isopropyl group, more preferably a methyl, ethyl or propyl group. 
[0930] in case where R", R^', R12 and R12' are all methyl groups, Ri3 is preferably a secondary alkyI group. The 
secondary alkyI group for R" is preferably an isopropyl, Isobutyl or 1 -ethylpentyl group, more preferably an isopropyl 
group. 

[0931] Depending on the combination of R", R"', Ri2, Ri2'and Ri3 therein, the reducing agents differ in their thermal 
developability and in the tone of developed silver. Combining two or more different types of reducing agents enables 
to control the developability and the developed silver tone. Depending on their object, therefore, combining them will 
be prefen-ed in the invention. 

[0932] Examples of the compounds of formula (R') and other reducing agents for use In the forty-fourth embodiment 
of the invention are mentioned below (R'-l to R'-34), to which, however, the invention of this embodiment is not limited. 
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(R'-25) (R'-26) 




(R'-27) (R'-28) 
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5 




[0933] Preferably, the amount of the reducing agent to be in the photothermographic material of the forty-fourth 
embodiment of the Invention falls between 0.1 and 3.0 g/m^, more preferably between 0.2 and 1 .5 g/m2, even more 
15 preferably between 0.3 and 1 .0 g/m2. Aiso preferably, the amount of the reducing agent to be in the material falls 
between 5 and 50 mol%, more preferably between 8 and 30 mol%, even more preferably between 10 and 20 mol% 
per mol of silver existing in the face of the image-fomiing layer of the material. 
[0934] Preferably, the reducing agent is in the image-fomiing layer of the material. 

[0935] The reducing agent may be in any form of solution, emulsified dispersion or fine solid particle dispersion, and 
20 may be added to the coating liquid In any known method so as to be Incorporated into the photothemriographic material 
of the invention of this embodiment. 

[0936] One well known method of emulsifying the reducing agent to prepare Its dispersion comprises dissolving the 
reducing agent In an auxiliary solvent such dibutyl phthalate, tricresyl phosphate, glyceryl triacetate, diethyl phthalate 
or the like oily solvent, or In ethyl acetate or cyclohexanone. followed by mechanically emulsifying it Into a dispersion. 

2S [0937] For preparing a fine solid particle dispersion of the reducing agent, for example, employable is a method that 
comprises dispersing a powder of the reducing agent in water or in any other suitable solvent by the use of a ball mill, 
a colloid mill, a shaking ball mill, a sand mill, a jet mill or a roller mill, or ultrasonically dispersing It therein to thereby 
prepare the intended solid dispersion of the reducing agent. In this method, optionally used is a protective colloid (e. 
g., polyvinyl alcohol), and a surfactant (e.g., anionic surfactant such as sodium triisopropylnaphthalenesulfonate - this 

30 Is a mixture of the salts in which the three isopropyl groups are all in different positions). In these mills, generally used 
are beads of zirconia or the like that serve as a dispersion medium. Zr or the like may dissolve out of the beads and 
will often contaminate the dispersion fomned. Though varying depending on the dispersion condition, the contaminant 
content of the dispersion fomned may generally fall between 1 ppm and 1000 ppm. So far as the Zr content of the 
photothermographic material finally fabricated herein is not larger than 0.5 mg per gram of silver in the material, the 

35 contaminant will cause no practical problem. Preferably, the aqueous dispersion contains a preservative (e.g., sodium 
benzolsothiazolinone). 

<Development Acceferator> 

40 [0938] Preferably, the photothermographic material of the forty-fourth embodiment of the invention contains a devel- 
opment accelerator. Preferred examples of the development accelerator are sulfonamidophenol compounds of fonnula 
(A) in JP-A 2000-267222 and 2000-330234; hindered phenol compounds of fomiula (II) in JP-A 2001-92075; com- 
pounds of formula (1) in JP-A 10-62895 and 11-15116; hydrazine compounds of formula (I) in Japanese Patent Appli- 
cation No. 2001-074278; and phenol or naphthol compounds of formula (2) in Japanese Patent Application No. 

45 2000-76240. The amount of the development accelerator to be in the material may fall between 0.1 and 20 mol%, but 
preferably between 0.5 and 10 mol%, more preferably between 1 and 5 mol% relative to the reducing agent therein. 
The development accelerator may be introduced into the material like the reducing agent thereinto. Preferably, however, 
it is added to the material in the forni of Its solid dispersion or emulsified dispersion. In case where it Is added to the 
material in the form of its emulsified dispersion, the emulsified dispersion thereof Is preferably prepared by emulsifying 

50 and dispersing the development accelerator in a mixed solvent of a high-boiling point solvent that is solid at room 
temperature and an auxiliary solvent having a low boiling point; or the emulsified dispersion is preferably an oilless 
dispersion with no high-boiling-point solvent therein. 

[0939] Of the development accelerators mentioned above, especially preferred for use in the forty-fourth embodiment 
of the Invention are hydrazine compounds of formula (I) described in Japanese Patent Application No. 2001-074278, 
55 and phenol or naphthol compounds of fomiula (2) described in Japanese Patent Application No. 2000-76240. 

[0940] Preferred examples of the development accelerators for use in the forty-fourth embodiment of the invention 
are mentioned below (A'- 1 to A'-7 and A-9 to A'-11), to which, however, this embodiment Is not limited. 
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<Hydrogen Bonding Type Compound> 

[0941] In case where the reducing agent in the forty-fourth embodiment of the invention has an aromatic hydroxyl 
group (-OH), especially when It is any of the above-mentioned bisphenols. the reducing agent is preferably combined 
with a non-reducing compound that has a group capable of forming a hydrogen bond with the group in the reducing 
agent. (The non-reducing compound is hereinafter referred to as "Hydrogen bonding type compound".) 
[0942] Forthe details of the Hydrogen bonding type compound and the preferred examples of the Hydrogen bonding 
type compound for use in this embodiment, referred to are those described In the section of the first embodiment of 
the invention. 

<Antifoggant and Others> 

[0943] For antifoggants. stabilizers and stabilizer precursors employable in the forty-fourth embodiment of the in- 
vention, referred to are the compounds in JP^ 10-62899, paragraph [0070]; EP Laid-Open 0803764A1 , from page 
20. line 57 to page 21, line 7; JP-A 9-281637, 9-329864, and also refen-ed to are the compounds in USP 6 083 681 
6,083.681, and EP 1048975. 

[0944] Antifoggants prefen^ed for use In this embodiment are organic halogen compounds. These are described for 
example, in JP-A 11-65021, paragraphs [0111] to [0112]. Especially preferred are organic halogen compounds of for- 
mula (P) in JP-A 2000-284399; organic polyhalogen compounds of formula (II) in JP-A 10-339934; and organic poly- 
halogen compounds In JP-A 2001-31644 and 2001-33911. 

[0945] Organic polyhalogen compounds preferred for use in the forty-fourth embodiment of the invention are de- 
scribed concretely. 

[0946] Preferably, the organic polyhalogen compounds for use in this embodiment are represented by the followina 
general formula (H): ^ 



Gneral Fomriula (H) Q-(Y)n-C(Zi XZgjX 

wherein Q represents an alkyi, aryl or heterocyclic group; Y represents a divalent linking group; n indicates 0 or 1; Z. 
and Z2 each represent a halogen atom; and X represents a hydrogen atom or an electron-attracting group. 
[0947] In fomiula (H). Q is preferably a phenyl group substituted with an electron-attracting group having a positive 
Hammett's substltuent constant Op. For the Hammett's substituent constant, refen-ed to is, for example Journal of 
Medicina! Chemistry. 1973, Vol. 16, No. 11, 1207-1216. 

[0948] Examples of the electron-attracting group of the type are a halogen atom (fluorine atom with Op of 0 06 
chlorine atom with Cp of 0.23, bromine atom with Op of 0.23, iodine atom with Op of 0,1 8). a trihalomethyl group (tribro- 
momethyl with Op of 0.29. trichloromethyl with Op of 0.33, trifluoromethyl with Op of 0.54). a cyano group (with a of 
0.66), a nitro group (with Op of 0.78), an aliphatic, aryl or heterocyclic sulfonyl group (e.g., methanesulfonyl with of 
0.72), an aliphatic, aryl or heterocyclic acyl group (e.g., acetyl with Op of 0.50. benzoyl with Op of 0.43). an aikynyl group 
(e.g., C=CH with Op of 0.23). an aliphatic, aryl or heterocyclic oxycarbonyl group (e.g., methoxycarbonyl with o of 
0.45. phenoxycarbonyl with Op of 0.44). a carbamoyl group (with Op of 0.36), a sulfamoyi group (with Gp of 0.57) a 
sulfoxide group, a heterocyclic group, and a phosphoryl group. The Op value of the electron-attracting group preferably 
falls between 0.2 and 2.0, more preferably between 0.4 and 1 .0. 

[0949] Of the preferred examples of the electron -attracting group mentioned above, more preferred are a carbamoyl 
group, an alkoxycarbonyi group, an alkylsulfonyl group and an alkylphosphoryl group, and most preferred Is a carbamoyl 
group. 

[0950] In fomiula (H), X Is preferably an electron -attracting group, more preferably a halogen atom, an aliphatic, aryl 
or heterocyclic sulfonyl group, an aliphatic, aryl or heterocyclic acyl group, an aliphatic, aryl or heterocyclic oxycartionyl 
group, a carbamoyl group, or a sulfamoyi group. Even more preferably, it is a halogen atom. 

[0951] For the halogen atom for X, preferred are chlorine, bromine and iodine atoms, more preferred are chlorine 
and bromine atoms, and even more preferred is a bromine atom. 

[0952] In formula (H). Y is preferably -C(=0)-, -SO- or -SOg-. more preferably -C(=0)- or -SO^-. even more preferably 
-SO2-. n is 0 or 1 . but preferably 1 . ^ t- y 

[0953] Specific examples of the compounds of formula (H) for use in the forty-fourth embodiment of the invention 
are mentioned below (H-1 to H-24), to which, however, the invention of this embodiment is not limited. 
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[0954] Preferably, the amount of the compound of fomiula (H) to be in the photothermographic material of the forty- 
fourth embodiment of the invention falls between 1 0-^ and 0,5 mols, more preferably between 10-^ and 0.1 mols, even 
more preferably between 5x10-3 and 0.05 mols per mol of the non-photosensitive silver salt in the image-forming 
layer of the material. 

5 [0955] The antifoggant may be incorporated into the photothermographic material of the forty-fourth embodiment of 
the invention In the same manner as that mentioned hereinabove for incorporating the reducing agent thereinto. Pref- 
erably, the organic polyhalogen compound is in the form of a fine solid particle dispersion when it is incorporated into 
the materiaL 

[0956] Preferably, the compounds of fonnula (H) have a melting point not higher than aoC'C, more preferably not 

10 higher than 170°C. 

<Other Antifoggants> 

[0957] Other antifoggants usable herein are mercury(ll) salts as in JP-A 1 1 -65021 , paragraph [01 1 3]; benzoic acids 
IS as in JP-A 11-65021 , paragraph [0114]; salicylic acid derivatives as in JP-A 2000-206642; fomialin scavenger com- 
pounds of formula (S) in JP-A 2000-221634; triazine compounds claimed in claim 9 in JP-A 11-352624; compounds 
of formula (III) in JP-A 6-11791 ; and 4-hydroxy-6-methyl-1 ,3,3a,7-tetrazaindene. 

[0958] The photothermographic material of the forty-fourth embodiment of the invention may also contain an azolium 
salt serving as an antifoggant. The azolium salt includes, for example, compounds of formula (XI) in JP-A 59-1 93447, 

20 compounds as in JP-B 55-12581 . and compounds of fomfiula (II) in JP-A 60-1 53039. The azolium salt may be present 
in any site of the photothermographic material, but is preferably in a layer adjacent to the photosensitive layer in the 
material. More preferably, It is added to the organic silver salt-containing layer of the material. Regarding the time at 
which the azolium salt is added to the material, it may be added to the coating liquid at any stage of preparing the 
liquid. In case where it is to be present in the organic silver salt-containing layer, the azolium salt may be added to any 

25 of the reaction system to prepare the organic silver salt or the reaction system to prepare the coating liquid at any 
stage of preparing it. Preferably, however, it is added to the coating liquid after the stage of preparing the organic silver 
salt and just before the stage of coating the liquid. The azolium salt to be added may be in any fonn of powder, solution 
or fine particle dispersion. It may be added along with other additives such as sensitizing dye, reducing agent and 
toning agent, for example, in the form of their solution. The amount of the azolium salt to be added to the photother- 

30 mographic material of the forty-fourth embodiment of the invention is not specifically defined, but preferably falls be- 
tween 1 X 10-® mols and 2 mols, more preferably between 1 x 1 0-^ mols and 0.5 mols per mol of silver in the material. 

<Other Additives> 

35 «Mercapto, Disulfide and Thione Compounds» 

[0959] The photothermographic material of the forty-fourth embodiment of the invention may optionally contain any 
of mercapto compounds, disulfide compounds and thione compounds which are for retarding, promoting or controlling 
the developability of the material, or for enhancing the spectral sensitivity thereof, or for improving the storage stability 
40 thereof before and after development. For the additive compounds, for example, refen^ed to are JP-A 1 0-62899, par- 
agraphs [0067] to [0069]; compounds of formula (I) in JP-A 10-186572, and their examples in paragraphs [0033] to 
[0052]; and EP Laid-Open 0803764A1, page 20, lines 36 to 56. Above all, preferred are mercapto-substituted heter- 
oaromatlc compounds such as those in JP-A 9-297367, 9-304875, 2001-100358. 

45 «Toning Agent» 

[0960] Adding a toning agent to the photothemriographic material of the forty-fourth embodiment of the invention is 
prefen-ed. Examples of the toning agent usable herein are described in JP-A 10-62899, paragraphs [0054] to [0055]; 
EP Laid-open 0803764A1, page 21, lines 23 to 48; JP-A 2000-356317; and Japanese Patent Application No. 

50 2000-187298. Especially preferred for use herein are phthalazinones (phthalazinone, phthalazinone derivatives and 
their metal salts, e.g., 4-(1-naphthyl)phthalazinone, 6-chlorophthalazinone, 5,7-dimethoxyphthaIazinone, 2,3-dihydro- 
1,4-phthalazinedione); combinations of phthalazinones and phthalic acids (e.g., phthalic acid, 4-methylphthalic acid, 
4-nitrophthallc acid, diammonium phthalate, sodium phthalate, potassium phthalate, tetrachlorophthallc anhydride); 
phthalazines (phthalazine, phthalazine derivatives and their salts, e.g., 4-(1 -naphthyl)phthalazine, 6-isopropylphthala- 

55 zine, 6-tert-butylphthalazine, 6-chlorophthala2ine, 5,7-dimethoxyphthalazine, 2,3-dihydrophthalazine); combinations 
of phthalazines and phthalic acids. More preferred are combinations of phthalazines and phthalic acids. Above all. 
especially preferred are a combination of 6-isopropylphthalazine and phthalic acid or 4-methylphthalic acid. 
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«Plastici2er, Lubricant» 

[0961] Plasticlzers and lubricants that may be in the photosensitive layer of the photothermographic material of the 
forty-fourth embodiment of the invention are described in, for example, JP-A 1 1 -65021 , paragraph [0117). Lubricants 
that may be in the layer are described in JP-A 1 1 -84573, paragraphs [0061 ] to [0064], and JP-A 1 1 -1 06881 , paragraphs 
[0049] to [0062]. 

«Dye. Pigment» 

[0962] The photosensitive layer in the forty-fourth embodiment of the Invention may contain various types of dyes 
and pigments (e.g., C.I. Pigment Blue 60, C.I. Pigment Blue 64. C.I. Pigment Blue 15:6) for improving the Image tone, 
for preventing interference fringes during laser exposure, and for preventing irradiation. The details of such dyes and 
pigments are described in. for example, W098/36322, and JP-A 10-268465 and 11-338098. 

«Super'hardener» 

[0963] For fomning super-hard Images, a super-hardener may be added to the image-fomiing layer of the photother- 
mographlc material of this embodiment. For such super-hardeners, methods of using them, and their amounts appli- 
cable to the Invention of this embodiment, for example, referred to are JP-A 11-65021, paragraph [0118]; JP-A 
1 1 -223898, paragraphs [0136] to [01 93]; compounds of fomiula (H). those of fomriulae (1) to (3) and those of formulae 
(A) and (B) in JP-A 2000-284399; compounds of fomiulae (III) to (V) in Japanese Patent Application No. 11-91652. 
especially concrete compounds in [Fomiula 21] to [Fomiula 24] therein. For hardening promoters also applicable to 
the Invention of this embodiment, refen-ed to are JP-A 11-65021, paragraph [0102]; and JP-A 11-223898. paragraphs 
[0194] to [0195]. 

[0964] In case where fomilc acid or Its salt is used for a strong foggant in the Invention of this embodiment, It may 
be added to the photosensitive sliver halide-containing, image-forming layer of the material, and its amount is preferably 
at most 5 mmols, more preferably at most 1 mmol per mol of silver in the layer 

[0965] In case where a super-hardener Is used in the photothennographic material of the forty-fourth embodiment 
of the invention, it is preferably combined with an acid fomied through hydration of diphosphoms pentoxide or its salt. 
The acid to be fomied through hydration of diphosphorus pentoxide and Its salts include, for example, metaphosphoric 
acid (and its salts), pyrophosphoric acid (and Its salts), orthophosphoric acid (and its salts), triphosphoric acid (and its 
salts), tetraphosphoric acid (and its salts), and hexametaphosphoric add (and its salts). For the acid to be formed 
through hydration of diphosphorus pentoxide and Its salts, prefen-ed for use herein are orthophosphoric acid (and its 
salts), and hexametaphosphoric acid (and its salts). Concretely, their salts are sodium orthophosphate, sodium dihy- 
drogen-orthophosphate, sodium hexametaphosphate, and ammonium hexametaphosphate. 

[0966] The amount of the acid to be formed through hydration of diphosphorus pentoxide or its salt to be used herein 
(that is, the amount thereof to be in the unit area, one m^, of the photothennographic material) may be any desired 
one and may be defined in any desired manner depending on the sensitivity, the fogging resistance and other properties 
of the material. Preferably, however, It falls between 0.1 and 500 mg/m2, more preferably between 0.5 and 1 00 mg/m2. 

<Preparation of Coating Uquid> 

[0967] In the forty-fourth embodiment of the invention, the coating liquid for the image-fomning layer is prepared 
preferably at a temperature falling between 30**C and eS'^C. more preferably between SS'^C and lower than eo^'C, even 
more preferably between SS^'C and 55°C. Also preferably, the coating liquid for the Image-fomiing layer is kept at a 
temperature falling between 30''C and 65*»C just after addition of polymer latex thereto. 

<Layer Con$titution> 

[0968] One or more image-fonming layers are fonned on one support to produce the photothennographic material 
of the forty-fourth embodiment of the invention. In case where the material has one image-forming layer, the layer 
contains an organic silver salt, a photosensitive silver halide, a reducing agent and a binder, and may contain optional 
additives such as a toning agent, a coating aid and other auxiliary agents. In case where the material has two or more 
image-fomning layers, the first image-forming layer (in general, this is directly adjacent to the support) must contain an 
organic silver salt and a photosensitive silver halide, and the second image-fonning layer or the two layers must contain 
the other ingredients. The photothermographic material for multi-color expression of the invention of this embodiment 
may have combinations of these two layers for the respective colors, or may contain all the necessary ingredients in 
a single layer, for example, as in USP 4,708,928. For the photothennographic material of a type containing multiple 
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dyes for mufti-color expression, the individual emulsion layers are differentiated and spaced from the others via a 
functional or non-functional barrier layer between the adjacent emulsion layers, for example, as In USP 4,460,681 . 
[0969] In general, the photothemiographic material has non-photosensitive layers In addition to photosensitive lay- 
ers. Depending on their positions, the non-photosensitive layers are classified into (1 ) a protective layer to be disposed 

5 on a photosensitive layer (remoter from the support than the photosensitive layer); (2) an interlayer to be disposed 
between adjacent photosensitive layers or between a photosensitive layer and a protective layer; (3) an undercoat 
layer to be disposed between a photosensitive layer and a support; (4) a back layer to be disposed on a support 
opposite to a photosensitive layer. The layers (1 ) and (2) are filter layers that are in the photothermographic material. 
The layers (3) and (4) are antihalation layers in the material. 

10 [0970] Preferably, the photothermographic material of forty-fourth embodiment of the Invention has, on one surface 
of its support, at least one photosensitive layer that contains a photosensitive silver halide emulsion, and has a back 
layer on the other surface thereof. This is referred to as a single-sided photothemnographic material. 
[0971] Also preferably, the photothemiographic material of this embodiment is of a monosheet type. The monosheet 
type does not require any additional sheet to receive images thereon, but may directly form images on itself. 

15 

«Surface Protective Layer» 

[0972] The photothermographic material of the forty-fourth embodiment of the Invention may have a surface protec- 
tive layer for preventing the image-forming layer from being blocked. The surface protective layer may have a single- 

20 layered or multi-layered structure. The details of the surface protective layer are described, for example, in JP-A 
11-65021 , paragraphs [0119] to [0120], and in Japanese Patent Application No. 2000-171936. 
[0973] Gelatin is preferred for the binder in the surface protective layer in the forty-fourth embodiment of the invention, 
but for it, polyvinyl alcohol (PVA) is also usable alone or combined with gelatin. Gelatin for use herein may be inert 
gelatin (e.g., Nitta Gelatin 750), or gelatin phthalide (e.g., Nitta Gelatin 801). Examples of PVA usable herein are de- 

25 scribed in, for example. JP-A 2000-1 71 936, paragraphs [0009] to [0020]. Preferred example of PVA for use herein are 
completely saponified PVA-105; partially saponified PVA-205. PVA-355; and modified polyvinyl alcohol, MP-203 (all 
commercial products of Kuraray). The polyvinyl alcohol content (per m^ of the support) of one protective layer preferably 
falls between 0.3 and 4.0 g/m^ more preferably between 0,3 and 2.0 g/m^. 

30 «Antihaiation Layer» 

[0974] Preferably, the photothennographic material of the forty-fourth embodiment of the invention has an antihala- 
tion layer remoter from the light source to which it Is exposed than Its photosensitive layer. 

[0975] The details of the antihalation layer are described in , for example. JP-A 11-65021 , paragraphs [01 23] to [01 24]; 

35 JP-A 11-223898, 9-230531, 10-36695, 10-104779. 11-231457, 11-352625, 11-352626. 

[0976] The antihalation layer contains an antihalation dye capable of absoriaing the light to which the photothermo- 
graphic material is exposed. In this embodiment, the photothermographic material Is exposed to laser rays having a 
peak wavelength range of from 350 nm to 440 nm. Therefore, it is desirable that the antihalation dye to be In the 
antihalation layer of the material may absorb the light falling within that wavelength range. 

40 [0977] In case where visible light-absoriaing dyes are used for antihalation in this embodiment, it is desirable that the 
dyes used are substantially decolored after image fonnation on the material, for which, for example, usable are de- 
coloring agents that have the ability to decolor the dyes when heated in the step of thermal development. Preferably, 
a thermal decoloring dye and a base precursor are added to the non-photosensitive layers so that the layers containing 
them may function as antihalation layers. The details of this technique are described in, for example, JP-A 11-231457. 

45 [0978] The amount of the decoloring dye to be added shall be determined, depending on the use of the dye. In 
general, its amount is so determined that the dye added could ensure an optical density (absort3ance), measured at 
an intended wavelength, of larger than 1 .0. The optical density preferably falls between 0.15 and 2, more preferably 
between 0.2 and 1. The amount of the dye capable of ensuring the optical density falling within the range may be 
generally from 0.001 to 1 g/m^ or so. 

so [0979] Decoloring the dyes in the photothemnographlc material in that manner can lower the optical density of the 
material to 0.1 or less after thennal development. Two or more different types of decoloring dyes may be in the ther- 
modecoloring recording material or the photothennographic material. Similarly, two or more different types of base 
precursors may be In the material. 

[0980] In the thennodecoloring material of the type that contains a decoloring dye and a base precursor, it is desirable 
55 in view of the thermodecolorlng ability of the material that the base precursor therein is combined with a substance 
which, when mixed with the base precursor, can lower the melting point of the mixture by at most 3*C (e.g., diphenyl 
sulfone, 4-chlorophenyl(phenyl) sulfone, 2-naphtyl benzoate), for example, as in JP-A 11-352626. 
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«Back Layer» 

[0981] For the details of the back layer applicable to the forty-fourth embodiment of the Invention, referred to is JP-A 
1 1 -65021 , paragraphs [01 28] to [01 30]. 

[0982] In the forty-fourth embodiment of the Invention, a coloring agent that has an absorption maximum in the range 
falling between 300 and 450 nm may be added to the photothemiographic material for improving the silver tone and 
the image stability of the material. The coloring agent is described in, for example. JP-A 62-210458, 63-104046, 
63-103235, 63-208846, 63-306436. 63-314535, 01-61745. 2001-100363. 

[0983] In general, the amount of the coloring agent to be added to the material falls between 0.1 mg/m2 and 1 g/m2. 
Preferably, it is added to the back layer that is opposite to the photosensitive layer of the material. 

«Matting Agent» 

[0984] Preferably, the photothenmographic material of the forty-fourth embodiment of the invention contains a matting 
agent which is for improving the transferability of the material. Matting agents are described in JP-A 11-65021 , para- 
graphs [0126] to [0127]. The amount of the matting agent to be added to the photothemiographic material preferably 
falls between 1 and 400 mg/m2, more preferably between 5 and 300 mg/m^ of the material. 

[0985] Regarding its morphology, the matting agent to be used in the forty-fourth embodiment of the invention may 
be shaped or amorphous, but is preferably shaped. More preferably, it is spherical. The mean grain size of the spherical 
matting agent preferably falls between 0.5 and 1 0 nm, more preferably between 1 .0 and 8.0 \xjm, even more preferably 
between 2.0 and 6.0 jim. The size distribution fluctuation coefficient thereof is preferably at most 50 %, more preferably 
at most 40 %. even more preferably at most 30 %. The fluctuation coefficient Is represented by (grain size standard 
deviation)/(mean grain size) x 100. Combining two different types of matting agents both having a small size distribution 
fluctuation coefficient is prefen-ed for use in this embodiment. Concretely, the ratio of the mean grain size of the two 
matting agents combined is larger than 3. 

[0986] The degree to which the emulsion surface of the photothermographic material of this embodiment is matted 
is not specifically defined, so far as the matted layer surface is free from star dust trouble, but is preferably such that 
the Beck's smoothness of the matted surface could fall between 30 seconds and 2000 seconds, more preferably be- 
tween 40 seconds and 1500 seconds. The Beck's smoothness Is readily obtained according to JIS P8119 (method of 
testing surface smoothness of paper and paper boards with Beck tester), and to TAPPI Standard T479. 
[0987] Regarding the matting degree of the back layer of the photothemiographic material of the forty-fourth embod- 
iment of the invention, the Beck's smoothness of the matted back layer preferably falls between 1 0 seconds and 1200 
seconds, more preferably between 20 seconds and 800 seconds, even more preferably between 40 seconds and 500 
seconds. 

[0988] Preferably, the photothemiographic material of the forty-fourth embodiment of the invention contains such a 
matting agent In the outenmost surface layer, or in a layer functioning as an outennost surface layer, or in a layer nearer 
to the outennost surface. Also preferably, it may contain a matting agent in a layer functioning as a protective layer. 

«Polymer Latex» 

[0989] In case where the photothemiographic material of the forty-fourth embodiment of the invention is used in the 
field of printing that require high-level dimensional stability, It Is desirable to use a polymer latex in the surface protective 
layer or the back layer of the material. The polymer latex for that purpose is described in, for example. Synthetic Resin 
Emulsions (by Taira Okuda & Hiroshi Inagakl. the Polymer Publishing Association of Japan, 1978); Applications of 
Synthetic Latexes (by Takaaki Sugimura, Yasuo Kataoka, SohlchI Suzuki & Keiji Kasahara. the Polymer Publishing 
Association of Japan, 1993); and Chemistry of Synthetic Latexes {by SohichiMuroi.the Polymer Publishing Association 
of Japan, 1970). Concretely, it includes, for example, methyl methacrylate (33,5 wt.%)/ethyl acrylate (50 wt.%)/meth- 
acrylic acid (16.5 wt.%) copolymer latex; methyl methacrylate (47.5 wt.%)/butadiene (47.5 wt.%)/itaconic acid (5 wt. 
%) copolymer latex; ethyl acrylate/methacrylfc acid copolymer latex; methyl methacrylate (58.9 wt.%)/2-ethylhexyl acr- 
ylate (25.4 wt.%)/styrene (8.6 wt.%)/2-hydroxyethyl methacrylate (5.1 wt.%)/acryllc acid (2.0 wt.%) copolymer latex; 
and methyl methacrylate (64.0 wt.%)/styrene (9.0 wt.%)/butyl acrylate (20.0 wt.%)/2-hydroxyethyl methacrylate (5,0 
wt.%)/acrylic acid (2.0 wt.%) copolymer latex. To the binder for the surface protective layer In this embodiment, for 
example, applicable are the polymer latex combinations as in Japanese Patent Application No. 1 1 -6872; the techniques 
as in Japanese Patent Application No. 11 -1 43058, paragraphs [0021] to [0025]; the techniques as in Japanese Patent 
Application No. 11-6872, paragraphs [0027] to [0028]; and the techniques as in Japanese Patent Application No. 
10-199626. paragraphs [0023] to [0041]. The ratio of the polymer latex in the surface protective layer preferably falls 
between 1 0 % by weight and 90 % by weight, more preferably between 20 % by weight and 80 % by weight of all the 
binder in the layer. 
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[0990] The overall binder content (including water-soluble polymer and latex polymer, per m^ of the support) of one 
surface protective layer preferably falls between 0.3 and 5.0 g/m^, more preferably between 0.3 and 2.0 g/m2. 

«pH of Film Surface» 

5 

[0991] Preferably, the surface of the photothermographic material of the forty-fourth embodiment of the invention 
has a pH of at most 7.0, more preferably at most 6.6, before developed under heat. The lowemiost limit of the pH Is 
not specifically defined, but may be at least 3 or so. Most preferably, the pH range falls between 4 and 6.2. For controlling 
the surface pH of the photothermographic material, employable are nonvolatile acids, for example, organic acids such 
10 as phthalic acid derivatives, or sulfuric acid, or volatile bases such as ammonia. These are preferred as effective for 
reducing the surface pH of the material. Especially preferred for the surface pH-lowerIng agent Is ammonia, as it is 
highly volatile, and therefore can be readily removed while the coating liquids containing it are coated and surely before 
themrial development. 

[0992] Also preferred is combining ammonia with a nonvolatile base such as sodium hydroxide, potassium hydroxide 
15 or lithium hydroxide. For measuring the surface pH of the photothemriographic material, referred to is the description 
in Japanese Patent Application No. 11-87297, paragraph [0123]. 

«Hardening Agent» 

20 [0993] A hardening agent may be added to the photosensitive layer, the protective layer, the back layer and other 
layers constituting the photothemriographic material of the forty-fourth embodiment of the invention. The details of the 
hardening agent applicable to the invention of this embodiment are described in T.H. James' The Theory of the Pho- 
tographic Process, 4th Ed. (Macmillan Publishing Co., Inc., 1977), pp. 77-87. For example, preferred for use herein 
are chromium alum, 2,4-dichloro-6-hydroxy-s-triazine sodium salt, N,N-ethyIenebis(vinylsuIfonacetamide). N,N-pro- 

25 pylenebis(vinylsulfonacetamlde); as well as polyvalent metal ions described on page 78 of that reference; polyisocy- 
anates described In USP 4,281,060 and JP-A 6-208193; epoxy compounds described in USP 4,791,042; and vlnyl- 
sulfone compounds described in JP-A 62-89048. 

[0994] The hardening agent is added to the coating liquids in the forni of its solution. The time at which the solution 
is added to the coating liquid for the protective layer may fall between 1 80 minutes before coating the liquid and a time 

30 just before the coating, preferably between 60 minutes before the coating and 1 0 seconds before it. However, there is 
no specific limitation thereon, so far as the method and the condition employed for adding the hardening agent to the 
coating liquid ensure the advantages of the forty-fourth embodiment of the invention. Concretely for adding it, employ- 
able Is a method of mixing a hardening agent with a coating liquid in a tank in such a controlled manner that the mean 
residence time for the agent as calculated from the amount of the agent added and the flow rate of the coating liquid 

35 to a coater could be a predetermined period of time; or a method of mixing them with a static mixer, for example, as 
in N. Hamnby, M. F. Edwards & A. W. Nienow's Liquid Mixirtg Technology, Chap. 8 (translated by Koji Takahasi, pub- 
lished by Nikkan Kogyo Shinbun, 1989). 

«Surfactants» 

40 

[0995] Surfactants applicable to the photothermographk: material of the forty-fourth embodiment of the invention are 
described In JP-A 11-65021 . paragraph [0132). 

[0996] In the forty-fourth embodiment of the invention, preferably used are fluorine-containing surfactants. Examples 
of fluorine-containing surfactants are given, for example, in JP-A 10-197985, 2000-19680 and 2000-214554. Also 
45 preferred for use herein are fluorine-containing polymer surfactants such as those in JP-A 9-281636. In the forty -fourth 
embodiment of the invention, especially preferred are fluorine-containing surfactants described in Japanese Patent 
Application No. 2000-206560. 

«Antistatic Layer or Electroconductive Layer» 

50 

[0997] The photothemnographic material of the forty-fourth embodiment of the invention may have an antistatic layer 
or an electroconductive layer. Examples of the layer are described, for example, in JP-A 11-65021. paragraph [0135]. 
[0998] Preferably, the electroconductive layer contains a metal oxide. For the electroconductive material for the elec- 
troconductive layer, preferred are metal oxides which are specifically so processed that they have oxygen defects and/ 
55 or different metal atoms introduced thereinto to increase their electroconductivity. Preferred examples of the metal 
oxides are ZnO, TlOg and Sn02. To ZnO, preferably added is any of Al or In; to SnOg, any of Sb. Nb, P or halogen 
elements; and Ti02, any of Nb or Ta. Especially preferred Is Sn02 with Sb added thereto. Preferably, the amount of 
the different atom to be added to the metal oxide falls between 0.01 and 30 mol%, more preferably between 0.1 and 
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10 mol%. Regarding their morphology, the metal oxides may be spherical, acicular or tabular, but they are preferably 
acicular grains having a ratio of major axis/minor axis of at least 2.0, more preferably from 3.0 to 50 as their electro- 
conductivity is high. The amount of the metal oxide to be in the layer preferably falls between 1 mg/m2 and 1000 mg/ 
m2, more preferably betv/een 10 mg/m2 and 500 mg/m2 even more preferably between 20 mg/m2 and 200 mg/m2. In 
the forty-fourth embodiment of the invention, the electroconductive layer may be fonmed on any side of emulsion-coated 
face or back face, but is preferably fomied between the support and the back layer. Specific examples of the electro- 
conductive layer applicable to the forty-fourth embodiment of the invention are described In, for example. JP-A 7-295146 
and 11-223901. 

«Other Additives» 

[0999] The photothemiographic material may optionally contain an antioxidant, a stabilizer, a plasticizer, a UV ab- 
sorbent or a coating aid. If desired, a solvent may be added to the material, for example, as In JP-A 1 1 -65021 , paragraph 
[0133]. Such additives may be in any of the photosensitive layers or the non-photosensitive layers of the material. For 
the additives, for example, referred to are W09a/36322, EP 803764A1, JP-A 10-186567 and 10-18568. 
[1000J For the mode of forming color images on the material, for example, referred to is the description In JP-A 
11-65021, paragraph [0136]. 

«Support» 

[1001] For the transparent supports for the photothemiographfc material of this embodiment, preferred are biaxially- 
stretched films of polyesters, especially polyethylene terephthalate heated at a temperature falling between 130 and 
185*C. The heat treatment is for removing the Internal strain that may remain in the biaxlally-stretched films and for 
preventing the film supports from being thermally shrunk during thennal development of the material. 
[1002] In case where the photothemiographic material is for medical treatment, the transparent support for it may 
be colored with a blue dye (for example, with Dye-1 used in the examples in JP-A 8-240877), or may not be colored. 
Examples of the support for use herein are described, for example, in JP-A 11-65021 , paragraph [0134]. 
[1003] Preferably, the support of the photothemiographic material of this embodiment Is undercoated, for example, 
with a water-soluble polyester as in JP-A 1 1 -84574; a styrene-butadlene copolymer as in JP-A 1 0-1 86565; or a vinyll- 
dene chloride copolymer as in JP-A 2000-39684 or in Japanese Patent Application No. 1 1-1 06881 , paragraphs [0063] 
to [0080]. For the antistatic layer and the undercoat layer to be fomned in the photothemiographic material of this 
embodiment, for example, referred to are the techniques disclosed In JP-A 56-143430, 56-143431, 58-62646, 
56-12051 9, 11-84573, paragraphs [0040] to [0051]; USP 5,575,957; and JP^ 11-223898, paragraphs [0078] to [0084J. 

<Fabrication of Photothemiographic Matenal> 

[1004] To fabricate the photothemiographic material of the forty-fourth embodiment of the invention, the coating 
liquids may be applied onto a support in any desired manner. Concretely, various types of coating techniques are 
employable herein, including, for example, extrusion coating, slide coating, curtain coating, dipping, knife coating, and 
flow coating. Various types of hoppers for extrusion coating employable herein are described in USP 2,681 ,294. Pre- 
ferred forthe photothemnographic material is extrusion coating orsllde coating described in Stephen R Kistter & Petert 
M. Schwelzer's UquidRIm Coating (Chapman & Hall, 1 997), pp. 399-536. More preferred is slide coating. One example 
of the shape of a slide coater for slide coating is in Figure 1 1 b-1 , on page 427 of that reference. If desired, two or more 
layers may be fomied at the same time, for example, according to the methods described from page 399 to page 536 
of that reference, or to the methods described in USP 2,761 ,791 and BP 837,095. 

[1 005] Preferably, the coating liquid for the organic silver salt-containing layer in the forty-fourth embodiment of the 
invention is a thixotropic flow. For it, referred to is the technique described in JP-A 11-52509. Preferably, the coating 
liquid forthe organic silver salt-containing layer in the forty-fourth embodiment of the invention has a viscosity falling 
between 400 mPa-s and 100,000 mPa-s, more preferably between 500 mPa-s and 20,000 mPa-s, at a shear rate of 
0.1 sec-i. Also preferably, the viscosity falls between 1 mPa-s and 200 mPa-s, more preferably between 5 mPa-s and 
80 mPa-s. at a shear rate of 1000 sec''. 

<Packaging Material for Photothermographic Matehal> 

[1006] Preferably, the photothemiographic material of the forty-fourth embodiment of the invention is wrapped with 
a material of low oxygen and/or moisture pemieabillty for preventing its photographte properties from varying and for 
preventing It from curiing or from having a curied habit while stored as raw films. Preferably, the oxygen permeability 
at 25*'C of the packaging material for use herein is at most 50 ml/atm.m2.day, more preferably at most 1 0 ml/atm-m2.day, 
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even more preferably at most 1 .0 ml/atm m^.day. Also preferably, the moisture permeability thereof is at most 10 g/ 
atm-m^ day, more preferably at most 5 g/atm-m^ day, even more preferably at most 1 g/atm m^.day. Preferred examples 
of the packaging material of low oxygen and/or moisture permeability for use herein are described, for example, in 
JP-A 8-254793, 2000-206653. 

5 

<Other Techniques Applicable to This Embodiment> 

[1007] Other techniques applicable to the photothermographic material of the forty-fourth embodiment of the inven- 
tion are, for example, in EP 803764A1 , EP 883022A1 , W098/36322: JP-A 56-62648, 58-62644. 9-43766. 9-281637. 
10 9-297367. 9-304869, 9-311405, 9-329865, 10-10669, 10-62899. 10-69023. 10-186568, 10-90823, 10-171063. 
10-186565. 10-186567, 10-186569 to 10-186572. 10-197974, 10-197982, 10-197983, 10-197985 to 10-197987, 

10- 207001, 10-207004, 10-221807, 10-282601, 10-288823, 10-288824, 10-307365, 10-312038. 10-339934, 11-7100, 

11- 15105, 11-24200, 11-24201, 11-30832, 11-84674, 11-65021, 11-109547, 11-125880, 11-129629, 11-133536 to 
11-133539. 11-133542, 11-133543, 11-223898. 11-352627, 11-305377. 11-305378, 11-305384, 11-305380, 11-316435, 

15 11-327076, 11-338096, 11-338098, 11-338099. 11-343420; and Japanese Patent Application Nos. 2000-187298. 
2000-10229, 2000-47345, 2000-206642. 2000-98530, 2000-98531. 2000-112059, 2000-112060, 2000-112104, 
2000-112064. 2000-171936. 

<Exposure and Thermal Development> 

20 

[1008] The photothemnographlc material of the forty-fourth embodiment of the invention has, on a support, at least 
a photosensitive sliver hallde, a non-photosensitive organic silver salt, a reducing agent and a binder, In which the 
mean silver iodide content of the photosensitive silver hallde falls between 5 mol% and 1 00 mol%, the non-photosen- 
sitive organic silver salt is prepared from an organic acid that contains at least behenic acid and erucic acid, and the 
25 erucic acid content of the non-photosensitive organic silver salt falls between 1 x 1 0"^ mol% and 1 0 ml% relative to 
the number of mols of all the organic acid. For forming images thereon, it is desirable that the photothermographic 
material is exposed to light having a peak strength at a wavelength of from 350 nm to 440 nm and having an intensity 
of at least 1 mW/mm2, and then thermally developed. 

[1009] Thus exposed to such high-intensity light of at least 1 mW/mm^ for a short period of time, the photothermo- 
30 graphic material of the forty-fourth embodiment of the invention exhibits Its good properties. The "light intensity" referred 
to herein is meant to indicate the quantity of light to which the photothennographic material is exposed to have an 
optical density of 3.0 after themial development. Such high-intensity exposure reduces the quantity of light (= light 
intensity x exposure time) necessary for obtaining the intended optical density, and enables to plan a hlgh-sensltivity 
photothermographic system. 

35 [1 01 0] More preferably, the quantity of light to which the photothennographic material of this embodiment is exposed 
falls between 2 mW/mm2 and 50 mW/mm^, even more preferably between 10 mW/mm2 and 50 mW/mm^. 
[1011] The light source to which the photothermographic material of this embodiment is exposed may be any and 
every one that satisfies the requirements as above, for which, however, preferred are laser rays. 
[1012] For the laser rays to which the photothennographic material of the forty-fourth embodiment of the invention 

40 is exposed, preferred are gas lasers (Ar+, Kr), YAG lasers, color lasers, or semiconductor lasers. Also employable is 
a combination of semiconductor lasers and secondary hamrionics generators. More are semiconductor lasers for blue 
to violet emission. One example of high-power semiconductor lasers for blue to violet emission that are employable 
herein is a Nichla Chemical's semiconductor laser, NLHV300E. 

[1013] Preferably, the photothermographic material of the forty-fourth embodiment of the invention is exposed to 
45 semiconductor lasers capable of emitting light having a peak intensity in a wavelength range of from 380 nm to 41 0 nm. 
[1014] The photothennographic material of the forty-fourth embodiment of the invention may be developed in any 
manner. In general, after having been imagewise exposed, It is developed under heat. Preferably, the temperature for 
the themial development falls between 80 and 250°C, more preferably between 1 00 and 140»C, even more preferably 
between 110 and 130*C. The time for the development preferably falls between 1 and 60 seconds, more preferably 
so between 3 and 30 seconds, even more preferably between 5 and 25 seconds, still more preferably between 7 and 15 
seconds. 

[1015] For thermal development for the photothermographic material, employable is any of a drum heater system 
or a plate heater system, but preferred is a plate heater system. For the plate heater system for the material, preferred 
Is the method described in JP-A 11-133572. The plate heater system described therein is for thermal development of 
55 photothermographic materials, in which a photothennographic material having been exposed to have a latent image 
thereon is brought into contact with a heating unit in the zone for thermal development to thereby convert the latent 
image into a visible image. In this, the heating unit comprises a plate heater, and multiple presser rolls are disposed 
in series on one surface of the plate heater. The exposed photothermographic material is passed between the multiple 
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pressure rolls and the plate heater, whereby it is developed under heat. The plate heater is sectioned into 2 to 6 stages, 
and it is desirable that the temperature of the top stage is kept lower by 1 to 10^*0 or so than that of the others. For 
example, four pairs of plate heaters of which the temperature Is independently controllable may be used, and they are 
set at 112"C. 119'»C, 121-0 and 120'C. The system of the type is described in JP-A 54-30032. In the plate heater 
system, water and organic solvent that remain in the photothermographic material being processed can be removed 
out of the material. In this, in addition, the support of the photothemiographic material rapidly heated is prevented from 
being deformed. 

[1016] The image gradation of the photothermographic material of the forty-fourth embodiment of the invention is 
not specifically defined, but is preferably such that the mean contrast of the images fomned on the material to have a 
density of from 1 .5 to 3.0 falls between 1 .5 and 1 0, in order that the material produces better results of this embodiment. 
[1017] The mean image contrast referred to herein is represented by the degree of Inclination of the line drawn to 
connect the optical density 1 .5 and the optical density 3.0 on the characteristic curve In a graph that indicates the image 
characteristic of the processed photothemnographic material. In the graph, the horizontal axis indicates the logarithmic 
number of the amount of laser to which the material is exposed for image formation, and the horizontal axis indicates 
the optical density of the image formed on the laser-exposed and themially-developed material. . 
[1018] Preferably, the mean image contrast falls between 1 .5 and 1 0 for sharp letters and images, more preferably 
between 2,0 and 7, even more preferably between 2.5 and 6. 

[1019] One example of laser imagers for medical treatment equipped with an exposure unit and a themial develop- 
ment unit that are applicable to this embodiment of the invention is Fuji Medical Dry Laser Imager FM-DP L The system 
FM-DP L Is described in Fuji Medical Review No. 8, pp. 39-55. Needless-to-say, the technique disclosed therein is 
applicable to laser imagers for the photothermographic material of the forty-fourth embodiment of the invention. In 
addition, the photothenrtographic material of this embodiment can be processed in the laser imager in the AD Networi( 
which Fuji Medical System has proposed for a network system under DIOOM Standards. 

[1020] The photothemriographic material of the forty-fourth embodiment of the invention fomris a monochromatic 
image based on silver, and is favorable for use In medical diagnosis, industrial photography, printing, and COM. 

'Forty-fifth embodiment of Pttotothermographic t^aterial- 

[1 021] The forty-fifth embodiment of the photothemiographic material of the invention is described in detail. 
[1022] The forty-fifth embodiment of the present invention is a photothermographic material comprising a support 
having thereon at least one image-fomning layer Including at least one organic sih/er salt and at least one silver halide, 
and having thereon at least one non-image-recording protective layer on the far side of the support relative to the 
image-fonning layer, which Is exposed to laser rays; wherein the mean silver Iodide content of the silver halide is 40 
mol % to 1 00 mol %. 

<Sitver Haiide> 

[1023] The silver halide (hereinafter this may be refen-ed to as "photosensitive silver halide") to be In the image- 
fonning layer of the photothirmographic material of the forty-fifth embodiment of the invention is described. 

«Halogen Composition» 

[1024] Regarding the halogen composition thereof, the photosensitive sliver halide for use in the photothirmographic 
material of the forty-fifth embodiment of the invention is characterized in that it is a high silver iodide emulsion having 
an iodide content of from 40 mol% to 100 mol%, or that is, the mean silver iodide content of the slh^er halide falls 
between 40 mol% and 100 mol%. 

[1025] Except silver iodide therein, the silver halide composition smaller than 60 mol% of the photosensitive silver 
halide is not specifically defined and may be selected from silver chloride and silver bromide, for which, however, 
prefen-ed is silver bromide. 

[1026] With such a high silver iodide emulsion therein, it is possible to design the intended photothermographic 
material of the forty-fifth embodiment of the invention of which the advantages are that the image storability after 
development is good, especially the image formed thereon is fogged little even left exposed to light. 
[1027] Preferably, the mean silver iodide content of the silver halide to be in he photothermographic material falls 
between 70 mol% and 100 mol%. more preferably between 80 mol% and 100 mol%, even more preferably between 
90 mol% and 1 00 mol% in view of the optical image storability of the processed material. 

[1028] Regarding the halogen composition distribution in each silver halide grain, the composition may be uniform 
throughout the grain, or may stepwise vary, or may continuously vary. 

[1029] Core/shell structured silver halide grains are prefen-ed for use herein. Preferably, the core/shell structure of 
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the grains has from 2 to 5 layers, more preferably from 2 to 4 layers. 

[1030] Also preferred are core/shell structured silver halide grains In which the core is of a high silver Iodide compo- 
sition or the shell is of a high silver iodide composition. Especially preferred are those In which the silver iodide content 
of the shell is higher than that of the core, and even more preferred are those In which the silver iodide content of the 
5 shell falls between 80 mol% and 1 00 mol%. 

[1031] A technique of localizing silver bromide in the surfaces of silver halide grains Is also preferably employed 
herein. 

«Grain Size» 

10 

[1032] The grain size of the silver halide to be In the high silver Iodide emulsion for use in the invention preferably 
falls between 5 nm and 90 nm. 

[1033] Too large silver halide grains are unfavorable to the invention since their amount necessary for attaining the 
intended maximum optical density shall increase. Especially In the invention, increasing the amount of the high silver 

IS halide emulsion to be in the photothenmographic material detracts from the developability of the material and lowers 
the sensitivity thereof, and. in addition, it detracts from the Image density stability relative to the time for developing 
the material. Therefore, In the invention, large silver halide grains having a grain size larger than a predetermined level 
could not give the intended maximum image density within a predetemiined period of time for development. 
[1 034] On the other hand, even high silver iodide emulsions may ensure good developability and give images having 

20 the intended maximum optical density so far as the size of the silver halide grains therein is reduced to a satisfactory 
degree and the coating amount of the silver halide is defined within a predetermined range. 

[1035] Accordingly In the Invention, the grain size of the silver halide preferably falls between 5 nm and 70 nm, more 
preferably between 5 nm and 55 nm. even more preferably between 10 nm and 45 nm. 

[1036] The grain size referred to herein is meant to indicate the diameter of the circular image having the same area 
25 as the projected area of each silver halide grain analyzed through electromicroscopy. The data of all the silver halide 
grains thus analyzed are averaged to obtain the mean grain size thereof. 

[1037] Preferably, the coating amount of the silver halide grains in the photothemiographic material of the invention 
falls between 0.5 mol% and 1 5 mol%, more preferably between 0.5 mol% and 1 2 mol%, even more preferably between 
1 mol% and 9 mol%, still more preferably between 1 mol% and 7 mol% relative to the molar amount of silver In the 
30 organic silver salt in the material. The organic silver salt will be described hereinunder. 

[1 038] In the forty-fifth embodiment of the Invention, It is a matter of great Importance to specifically define the coating 
amount of the sliver halide to be In the photothemiographic material for evading the problem of development failure 
with the high sliver iodide emulsion In the material. 

35 «Method of Forming Grains» 

[1039] Methods of fomiing the photosensitive silver halide are well known in the art, for example, as in Research 
Disclosure 1 7029 (June 1978), and USP 3,700,458, and any known method is employable in the forty-fifth embodiment 
of the invention. Concretely, a silver source compound and a halogen source compound are added to gelatin or any 
40 other polymer solution to prepare a photosensitive silver halide. and It is then mixed with an organic sliver salt. This 
method is prefen-ed for the forty-fifth embodiment of the Invention. Also preferred are the method described in JP-A 
11-119374, paragraphs [0217] to [0244]; and the methods described In Japanese Patent Application Nos. 11-98708 
and 2000-42336. 

45 «Grain Morphology» 

[1040] Silver halide grains generally have different types of morphology, including, for example, cubic grains, octa- 
hedral grains, tabular grains, spherical grains, rod-like grains, and potato-like grains, but the high silver iodide grains 
for use in the forty-fifth embodiment of the Invention have some complicated morphology. For one pref en-ed morphology 
50 of the grains for use in the forty-fifth embodiment of the invention, referred to are conjugate grains as in R.L. Jenkins 
et al's Journal of Photo. Sci., Vol. 28 (1980), page 164, Fig. 1. Also preferred are tabular grains as in Fig. 1 of that 
literature. Still preferred are comer-rounded silver halide grains. 

[1041] The surface Index (Miller index) of the outer surface of the photosensitive silver halide grains for use in the 
forty-fifth embodiment of the invention is not specifically defined, but is desirably such that the proportion of {100} plane, 
55 which ensures higher spectral sensitization when it has adsorbed a color-sensitizing dye, in the outer surface is larger. 
Preferably, the proportion of {1 00) plane in the outer surface is at least 50 %, more preferably at least 65 %. even more 
preferably at least 80 %. The Miller index indicated by the proportion of {100} plane can be identified according to the 
method described by T. TanI In J. Imaging Sci., 29, 165 (1985), based on the adsorption dependency of sensitizing 
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dye onto {111) plane and {100} plane. 
«Heavy Metat» 

[1042] Silver halide grains having a hexacyano-metal complex in their outermost surfaces are preferred for use in 
the forty-fifth embodiment of the invention. Preferred examples of the hexacyano-metal complex are [Fe(CN)fil4- rpe 
(CN)6]3-. [Ru(CN)6]^. [Os(CN)e]4-. [Co(CN)6l3-. [Rh(CN)6]3-. MCN)^^^ [Cr(CN)6]3-. [ReCCNjgJ^-. Of those. moreWe- 
ferred are hexacyano-Fe complexes. 

[1 043] As hexacyano-metal complexes exist in the form of ions in their aqueous solutions, their counter cations are 
of no importance. Preferably, however, the counter cations for the complexes are any of alkali metal ions such as 
sodium, potassium, rubidium, cesium and lithium ions; ammonium ions, and alkylammonlum Ions (e.g., tetramethyl- 
ammonium. tetraethylammonlum. tetrapropylammonium and tetra(n-butyl)ammonium ions), as they are well miscible 
with water and are favorable to the operation of precipitating silver halide emulsions. 

[1044] The hexacyano-metal complex may be added to silver halide grains in the form of a solution thereof in water 
or in a mixed solvent of water and an organic solvent miscible with water (for example, alcohols, ethers, glycols, ketones, 
esters, amides), or in the form of a mixture thereof with gelatin. 

[1 045] The amount of the hexacyano-metal complex to be added to the silver halide grains preferably falls between 
1x10-5 mols and 1 X 1 0-2 mols. per mol of silver of the grains, more preferably between 1x10-* mols and 1 x 1 0*3 
mols. 

[1 046] In order to make the hexacyano-metal complex exist in the outermost surface of the silver halide grains the 
complex IS added to an aqueous silver nitrate solution from which are formed the silver halide grains, after the solution 
has been added to a reaction system to give the grains but before the grains having been formed are finished for 
chemical sensitization such as chalcogen sensitization with sulfur, selenium or tellurium or noble metal sensitization 
with gold or the like, or is directly added to the grains while they are rinsed or dispersed but before they are finished 
for such chemical sensitization. To prevent the silver halide grains formed from growing too much. It is desirable that 
the hexacyano-metal complex is added to the grains immediately after they are formed. Preferably, the complex is 
added thereto before the grains fomied are finished for post-treatment. 

[1047] Adding the hexacyano-metal complex to the silver halide grains may be started after 96 % by weight of the 
total of siVer nitrate, from which are formed the grains, has been added to a reaction system to give the grains but is 
preferably started after 98 % by weight of sliver nitride has been added thereto, more preferably after 99 % by weiaht 
thereof has been added thereto. 

[1048] The hexacyano-metal complex added to the sliver halide grains after an aqueous solution of silver nitrate has 
been added to the reaction system to give the grains but just before the grains are completely formed is well adsorbed 
by the grains formed, and may well exist in the outermost surfaces of the grains. Most of the complex added In that 
manner forms a hardly-soluble salt with the silver ions existing in the surfaces of the grains. The silver salt of hexacyano- 
iron(ll) IS more hardly soluble than Agl, and the fine grains formed are prevented from re-dissolving and aggregating 
into large grains. Accordingly, the intended fine sliver halide grains having a small grain size can be formed 
[1049] The photosensitive silver halide grains for use in the forty-fifth embodiment of the invention may contain a 
metal or metal complex of Groups 8 to 1 0 of the Periodic Table (including Groups 1 to 1 8). The metal of Groups 8 to 
10. or the center metal of the metal complex Is preferably rhodium, ruthenium or iridium. In the forty-fifth embodiment 
of the invention, one metal complex may be used alone, or two or more metal complexes of one and the same type of 
metal or different types of metals may also be used herein as combined. 

[1 050] The metal or metal complex content of the grains preferably falls between 1 x 1 0'^ mols and 1 x 1 0'^ mols 
per mol of silver of the grains. Such heavy metals and metal complexes, and methods of adding them to the silver 
hahde grams are described in. for example. JP-A 7-225449. JP-A 11-65021, paragraphs [0018] to [00241 and JP-A 
11-11 9374, paragraphs [0227] to [0240]. . 
[1051] The metal atoms (e.g.. in [Fe(CN)6]4-) that may be added to the photosensitive silver halide grains for use in 
the forty-fifth embodiment of the invention, as well as the methods of desalting or chemical sensitization of the photo- 
sensitive Silver halide emulsions are described, for example, in JP-A 11-84574, paragraphs [0046] to [0050] JP-A 
11-65021. paragraphs [0025] to [0031], and JP.A 11-119374, paragraphs [0242] to [0250]. 

«Gefatin» 

[1 052] Gelatin of different types may be used in preparing the photosensitive silver halide emulsions for use in the 
forty-fifth embodiment of the invention. For better dispersion of the photosensitive silver halide emulsion in an organic 
silver salt-containmg coating liquid in producing the photothermographic material of the forty-fifth embodiment of the 
invention, preferred Is low-molecular gelatin having a molecular weight of from 500 to 60.000. The low-molecular gelatin 
of the type may be used In fomiing the silver halide grains or In dispersing the grains after the grains have been desalted 
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Preferably, it is used In dispersing the grains after they have been desalted. 

«Sensftizing Dye» 

5 [1 053] The photothermographic material of the forty-fifth embodiment of the invention may contain a sensitizing dye. 
Usable herein are sensitizing dyes which, after adsorbed by the silver halide grains, can spectrally sensitize the grains 
within a desired wavelength range. Depending on the spectral characteristics of the light source to be used for exposure, 
favorable sensitizing dyes having good spectral sensitivity are selected for use in the photothermographic material of 
the forty-fifth embodiment of the invention. 

fo [1054] For the details of sensitizing dyes usable herein and methods for adding them to the photothenmographic 
material of the forty-fifth embodiment of the invention, referred to are paragraphs [0103] to [0109] In JP-A 11-6501; 
compounds of formula (II) in JP-A 10-186572; dyes of formula (I) and paragraph [0106] in JP-A 11-119374; dyes de- 
scribed in USP 5,510,236, 3,871,887 (Example 5); dyes described in JP-A 2-961 31. 59-48753; from page 19, line 38 
to page 20, line 35 in EP 0803764A1 ; Japanese Patent Application Nos. 2000-86865, 2000-1 02560 and 2000-205399. 

« [1055] One or more such sensitizing dyes may be used herein either singly or as combined. Regarding the time at 
which the sensitizing dye is added to the silver halide emulsion In the forty-fifth embodiment of the invention, It is 
desirable that the sensitizing dye is added thereto after the desalting step but before the coating step, more preferably 
after the desalting step but before the chemical ripening step. 

[1056] The amount of the sensitizing dye to be in the photothermographic material of the forty-fifth embodiment of 
20 the invention varies, depending on the sensitivity and the fogging resistance of the material. In general, it preferably 
falls between 10-6 and 1 mol, more preferably between 10-^ and 10' mols, per mol of the silver halide in the photo- 
sensitive layer (image-fomning layer) of the material. 

[1057] For its better spectral sensitization, the photothemnographlc material of the forty-fifth embodiment of the in- 
vention may contain a supersensltlzer. For the supersensitizer, for example, usable are the compounds described in 
25 EP Laid-open 587,338, USP 3,877,943, 4,873,184. and JP-A 5-341432, 11-109547 and 10-111543. 

«Chemicaf Sensitization» 

[1058] Preferably, the photosensitive silver halide grains for use in the forty-fifth embodiment of the invention are 
30 chemically sensitized with, for example, sulfur, selenium or tellurium . For such sulfur, selenium or tellurium sensitization, 
any known compounds are usable. For example, prefen-ed are the compounds described in JP-A 7-1 28768. The grains 
for use in the forty-fifth embodiment of the Invention are especially preferably sensitized with tellurium, for which more 
preferred are the compounds described In JP-A 11-65021, paragraph [0030], and the compounds of formulae (II), (III) 
and (IV) given in JP-A 5-313284. 
35 [1059] In the forty-fifth embodiment of the invention, the silver halides may be chemically sensitized in any stage 
after their formation but before their coating. For example, they may be chemically sensitized after desalted, but (1) 
before spectral sensitization, or (2) along with spectral sensitization, or (3) after spectral sensitization, or (4) just before 
coating. Especially preferably, the grains are chemically sensitized after spectral sensitization. 
[1060] The amount of the sulfur, selenium or tellurium sensitizer for such chemical sensitization in the forty-fifth 
40 embodiment of the invention varies, depending on the type of the silver halide grains to be sensitized therewith and 
the condition for chemically ripening the grains, but may fall generally between 1 Q-^ and 1 0-2 mols, preferably between 
1 0*7 and 10-3 mols or so, per mol of the silver halide. 

[1061] Though not specifically defined herein, the condition for chemical sensitization may be such that the pH falls 
between 5 and 8, the pAg falls between 6 and 11 , and the temperature falls between 40 and 95°C or so. 

45 [1 062] If desired, a thlosulf onic acid compound may be added to the silver halide emulsions for use in the forty-fifth 
embodiment of the invention, according to the method described in EP Laid-Open 293,91 7. 
[1063] The photothimnographic material of the forty-fifth embodiment of the invention may contain only one type or 
two or more different types of photosensitive silver halide grains (these will differ in their mean grain size, halogen 
composition or crystal habit, or In the condition for their chemical sensitization), either singly or as combined. Combining 

so two or more types of photosensitive silver halide grains differing in their sensitivity will enable to control the gradation 
of the images to be fornied in the photothermographic material. For the technique relating to it, referred to are JP-A 
57-119341, 53-106125, 47-3929, 48-55730, 46-5187, 50-73627, 57-150841. 

[1064] The sensitivity difference between the combined silver halide grains is preferably such that the respective 
emulsions differ from each other at least by 0.2 logE. 
55 [1 065] Especially preferably, the silver halide (high silver iodide emulsion) for use in the forty-fifth embodiment of the 
Invention is fomried in the absence of the non-photosensitive organic silver salt, and Is chemically sensitized in the 
manner as above. 

[1066] If the silver halide is fornied in the presence of the organic silver salt, Its sensitivity will be low. 
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[1067] For forming the silver halide in the absence of the non-photosensitive organic silver salt, for example, em- 
ployable is a method of mixing the photosensitive silver halide and the organic silver salt that have been prepared 
separately, in a high-performance stirrer, a ball mill, a sand mill, a colloid mill, a shaking mill, a homogenlzer orthe like- 
or a method of adding the photosensitive sliver halide grains having been prepared to the organic silver salt being 
prepared, in any desired timing to produce the organic silver salt mixed with the silver halide grains. Any of these 
methods produces the advantages of the forty-fifth embodiment of the Invention. 

«Mode of Mixing Photosensitive Silver Halide in Coating Liquid» 

[1 068] The preferred lime at which the silver halide grains is added to the coating liquid which is to form the image- 
forming layer on the support of the photothemiographic material of the forty-fifth embodiment of the invention may fall 
between 1 80 minutes before coating the liquid and a time just before the coating, more preferably between 60 minutes 
before the coating and 1 0 seconds before it. However, there is no specific limitation thereon, so far as the method and 
the condition employed for adding the grains to the coating liquid ensure the advantages of the forty-fifth embodiment 
of the invention. 

[1069] Concretely for mixing them, employable is a method of adding the grains to the coating liquid in a tank in such 
a controlled manner that the mean residence time for the grains In the tank, as calculated from the amount of the grains 
added and the flow rate of the coating liquid to a coater. could be a predetermined period of time; or a method of mixing 
them with a static mixer, for example, as in N. Harunby, M. F. Edwards & A. W. NIenoWs Uquid Mixing Technology 
Chap. 8 (translated by Koji TakahasI, published by Nikkan Kogyo Shinbun. 1989). 

<Organic Silver Salt> 

[1070] The organic silver salt to be in the image-fonning layer of the forty-fifth embodiment of the photothlrmographic 
material of the invention is described. 

[1071] The organic silver salt for use in the forty-fifth embodiment of the invention is relatively stable to light but 
when heated at 80^C or higher in the presence of an exposed photocatalyst (e.g., latent image of photosensitive silver 
halide) and a reducing agent, it forms a silver image. The organic silver salt may be any and every organic substance 
that contains a source having the ability to reduce silver ions. 

[1072] Some non-photosensitive organic silver salts of that type are described, for example, in JP-A 10-62899 par- 
agraphs [0048] to [0049]; EP Lald-Open 0803763A1. from page 18 line 24 to page 19 line 37- EP Laid-Ooen 
0962812A1; JP-A 11-349591. 2000-7683, 2000-72711. H y . e c»/. Laia upen 

[1073] Prefen-ed for use herein are silver salts of organic acids, especially silver salts of long-chain (CI 0 to C30 
preferably C15 to 028) aliphatic carboxylic acids. Prefen^ed examples of the organic silver salts are silver behenate' 
silver arachidate. silver stearate, silver oleate. silver laurate, silver caproate, silver myristate, silver palmitate and their 
mixtures. Of those, especially preferred are organic silver salts having a silver behenate content of from 50 mol% to 
100 moI%, and more preferred are those having a silver behenate content of from 75 mol% to 98 mol% 
[1 074] The organic silver salt for use herein is not specifically defined for its morphology, and may be in any form of 
acicular, rod-like, tabular or scaly solids. Preferably, it is scaly. 

[1075] Scaly organic silver salts are pretended in the forty-fifth embodiment of the invention, and they are defined as 
follows: A sample of an organic silver salt to be analyzed is observed with an electronic microscope, and the grains of 
the salt seen in the field are approximated to rectangular parallelopipedons. The three different edges of the thus- 
approximated, one rectangular parallelopipedone are represented by a. b and c. a is the shortest, c is the longest and 
c and b may be the same. From the shorter edges a and b, x is obtained according to the following equation: 



x = b/a. 



[1 076] About 200 grains seen in the field are analyzed to obtain the value x. and the data of x are averaged Samples 
that satisfy the requirement of x (average) > 1 .5 are scaly. For scaly grains, preferably. 30 > x (average) > 1 5 more 
preferably 20 > x (average) > 2.0. In this connection, the value x of acicular (needle-like) grains falls within a range of 
1 < x (average) < 1 .5. ^ 

[1077] In the scaly grains, it is understood that a corresponds to the thickness of tabular grains of which the main 
plane is represented by b x c. In the scaly organic silver salt grains for use herein , a (average) preferably falls between 
0.01 urn and 0.23 jim. more preferably between 0.1 ^m and 0.20 jim; and c/b (average) preferably fails between 1 and 
e^more preferably between 1.05 and 4. even more preferably between 1.1 and 3, still more preferably between 1.1 

[1 078] Regarding its grain size distribution, the organic silver salt is preferably a mono-dispersed one. Mono-disper- 
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sion of grains referred to herein is such that the value (in temns of percentage) obtained by dividing the standard 
deviation of the minor axis and the major axis of each grain by the minor axis and the major axis thereof, respectively, 
is preferably at most 100 %. more preferably at most 80 %, even more preferably at most 50 %. To detemnine its 
morphology, a dispersion of the organic silver salt may be analyzed on its image taken by the use of a transmission 

5 electronic microscope. Another method for analyzing the organic silver salt for mono-dispersion morphology comprises 
determining the standard deviation of the volume weighted mean diameter of the salt grains. In the method, the value 
in tenns of percentage (coefficient of variation) obtained by dividing the standard deviation by the volume weighted 
mean diameter of the salt grains Is preferably at most 1 00 %, more preferably at most 80 %, even more preferably at 
most 50 %. Concretely, for example, a sample of the organic silver salt is dispersed in a liquid, the resulting dispersion 

10 is exposed to a laser ray, and the self-correlation coefficient of the salt grains relative to the time-dependent change 
of the degree of fluctuation of the scattered ray is obtained. Based on this, the grain size (volume weighted mean 
diameter) of the salt grains is obtained. 

[1079] For preparing and dispersing the organic silver salts for use in the forty-fifth embodiment of the invention, 
employable is any known method. For it, for example, referred to are JP-A 10-62899; EP Laid-Open 0803763A1 and 

15 96281 2A1; JP-A 11-349591,2000-7683,2000-72711; and Japanese Patent Application Nos. 11-348228, 11-348229, 
11-348230. 11-203413, 2000-90093, 2000-195621, 2000-191226, 2000-213813, 2000-214155, 2000-191226. 
[1080] In the forty-fifth embodiment of the invention, an aqueous dispersion of the organic silver salt may be mixed 
with an aqueous dispersion of the photosensitive silver salt to prepare the photothemiographic material. Preferably, 
at least two different types of aqueous dispersions of organic silver salts are mixed with at least two different types of 

20 aqueous dispersions of photosensitive salts for desirably controlling the photographic properties of the photothermo- 
graphic material to be prepared. 

[1081] The amount of the organic silver salt to be in the photothermographic material of the forty-fifth embodiment 
of the Invention is not specifically defined, and may be any desired one. Preferably, the amount of the salt falls between 
0.1 and 5 g/m^, more preferably between 1 and 3 g/m2, even more preferably between 1 .2 and 2,5 g/m^ in terms of 
25 the amount of silver in the salt. 

<Reducing Agent> 

[1082] The photothirmographic material of the forty-fifth embodiment of the invention contains a reducing agent for 

30 the organic silver salt therein. The reducing agent is described. 

[1083] The reducing agent for the organic silver salt may be any and every substance capable of reducing silver ions 
into metal silver, but is preferably an organk: substance. Some examples of the reducing agent are described In JP-A 
1 1-65021 , paragraphs [0043] to [0045], and in EP Laid-Open 0803764A1 , from page 7, line 34 to page 1 8, line 1 2. 
[1084] Especially prefen-ed for use herein are hindered phenol-type reducing agents and bisphenol-type reducing 

35 agents, and more prefen-ed are compounds of the following general formula (R"): 



40 
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General Formula (R**) 



[1085] In fonnula (R"), R^^ and R^^' each independently represent an alkyi group having from 1 to 20 carbon atoms; 
R12 and R^^' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring; L 
50 represents -S- or -CHR''^-; Ri3 represents a hydrogen atom, or an alkyI group having from 1 to 20 carbon atoms; 
and X''' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
[1088] Fonnula (R") is described in detail. 

[1087] Rii and R^^' each independently represent a substituted or unsubstituted alkyI group having from 1 to 20 
carbon atoms. The substituent for the alkyI group Is not specifically defined, but preferably includes, for example, an 
55 aryl group, a hydroxyl group, an alkoxy group, an aryloxy group, an alkylthio group, an arylthio group, an acylamino 
group, a sulfonamide group, a sulfonyl group, a phosphoryl group, an acyl group, a carbamoyl group, an ester group, 
and a halogen atom. 

[1088] H^^ and R^^' each Independently represent a hydrogen atom, or a substituent substitutable to the benzene 
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ring; and X^' each independently represent a hydrogen atom, or a substituent substitutable to the benzene ring. 
Preferred examples of the substituent substitutable to the benzene ring are an alkyi group, an aryl group, a halogen 
atom, an alkoxy group, and an acylamino group. 

[1089] L represents a group of -S- or -CHR13-. Ri3 represents a hydrogen atom or an alkyl group having from 1 to 
20 carbon atoms. The alkyl group may be substituted. 

[1090] Preferred examples of the unsubstituted alkyl group for R^s are methyl, ethyl, propyl, butyl, heptyl. undecyl. 
isopropyl, 1 -ethylpentyl and 2,4,4-trimethylpentyl groups. 

[1091] Like that for R^^, the substituent for the alkyl group includes, for example, a halogen atom, an alkoxy group, 
an alkylthio group, an aryloxy group, an arylthio group, an acylamino group, a sulfonamide group, a sulfonyl group, a 
phosphoryl group, an oxycarbonyl group, a carbamoyl group, and a sulfamoyi group. 

[1092] For and Rii', preferred is a secondary or tertiary alkyl group having from 3 to 15 carbon atoms. Concretely, 
prefen-ed examples of the alkyl group are isopropyl, Isobutyl, t-butyl, t-amyl, t-octyl, cyclohexyl, cyclopentyl, 1-methyl- 
cyclohexyl and 1-methylcyclopropyl groups. 

[1093] For R^i and R^^', more preferred Is a tertiary alkyl group having from 4 to 1 2 carbon atoms; even more prefen-ed 

is any of t-butyl, t-amyl and 1 -methylcycohexyl groups; and most preferred is a t-butyl group. 

[1094] Preferably, Ri2 and Ri2' each are an alkyl group having from 1 to 20 carbon atoms, concretely including, for 

example, methyl, ethyl, propyl, butyl, isopropyl, tert-butyl. tert-amyl, cyclohexyl, 1 -methylcyclohexyl, benzyl, meth- 

oxymethyl and methoxyethyl groups. For these, more preferred are methyl, ethyl, propyl, Isopropyl and tert-butyl 

groups. 

[1 095] Also preferably, X"" and X*"' each are a hydrogen atom, a halogen atom or an alkyl group; and more preferably, 
they are both hydrogen atoms. 
[1 096] L is preferably -CHR3-. 

[1097] Also preferably, R">3 Is a hydrogen atom, or an alkyl group having from 1 to 15 cartDon atoms. Prefen-ed ex- 
amples of the alkyl group are methyl, ethyl, propyl, isopropyl and 2,4.4-trimethyIpentyl groups. More preferably, Ri3 is 
a hydrogen atom, a methyl group, a propyl group or an isopropyl group. 

[1098] In case where R^^ is a hydrogen atom, R^^ and Ri2' each are preferably an alkyl group having from 2 to 5 
cart)on atoms, more preferably an ethyl or propyl group, most preferably, they are both ethyl groups. 
[1099] In case where R^^ Is a primary or secondary alkyl group having from 1 to 8 carbon atoms, R12 and R12' are 
preferably both methyl groups. The primary or secondary alkyl group having from 1 to 8 carbon atoms for R13 is pref- 
erably a methyl, ethyl, propyl or Isopropyl group, more preferably a methyl, ethyl or propyl group. 
[1100] In case where Rii', R12 and R^2* are all methyl groups, R^^ is preferably a secondary alkyl group. The 
secondary alkyl group for Is preferably an Isopropyl, isobutyl or 1 -ethylpentyl group, more preferably an Isopropyl 
group. 

[1101] Examples of the compounds of fonnula (R") and other reducing agents for use in the forty-fifth embodiment 
of the invention are mentioned below [Compounds (R"-1) to (R"-27)], to which, however, the forty-fifth embodiment of 
the invention is not limited. 
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(R"-25) (R"-26) 




[1102] Of the preferred examples of the reducing agents mentioned above, more preferred are Compounds {R"-1 ) 
to (R-'gO). ^ ' 

[1 1 03] One or more different types of the reducing agents may be used in the forty-fifth embodiment of the invention 
either singly or as combined. 

[1104] Preferably, the amount of the reducing agent to be in the photothemnographic material of the forty-fifth em- 
bodiment of the invention falls between 0.01 and 5.0 g/m2, more preferably between 0.1 and 3.0 g/m2. Also preferably, 
the amount of the reducing agent to be therein falls between 5 and 50 mol%, more preferably between 10 and 40 
mol%, per mol of sliver existing In the face of the image-fomiing layer of the material. 
[1105] Still preferably, the reducing agent is present in the image-fomriing layer of the material. 
[1 1 06] The reducing agent may be in any form of solution, emulsified dispersion or fine solid particle dispersion, and 
may be added to the coating liquid In any known method so as to be incorporated into the photothermographic material 
of the forty-fifth embodiment of the invention. 

[1107] One well known method of emulsifying the reducing agent to prepare its dispersion comprises dissolving the 
reducing agent in an auxiliary solvent such dibutyl phthalate, tricresyl phosphate, glyceryl triacetate, diethyl phthalate 
or the like oily solvent, or in ethyl acetate orcyclohexanone, followed by mechanically emulsifying it into a dispersion. 
[1108] For preparing a fine solid particle dispersion of the reducing agent, for example, employable is a method that 
comprises dispersing a powder of the reducing agent in water or in any other suitable solvent by the use of a ball mill, 
a colloid mill, a shaking ball mill, a sand mill, a jet mill or a roller mill, or ultrasonically dispersing it therein to thereby 
prepare the intended solid dispersion of the reducing agent. 

[1109] In this method, optionally used is a protective colloid (e.g., polyvinyl alcohol), and a surfactant (e.g., anionic 
surfactant such as sodium triisopropylnaphthalenesulfonate - this ts a mixture of the salts In whteh the three isopropyl 
groups are all in different positions). Also if desired, the aqueous dispersion may contain a preservative (e g sodium 
benzoisothiazolinone), 

<Development Accelerator> 

[1110] A phenol derivative of the following general formula (A), which serves as a development accelerator, is pref- 
erably used In the photothirmographfc material of the forty-fifth embodiment of the invention. 
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General Formula (A) 

10 



[1111] In formula (A), R^ R^, R^, and each independently represent a hydrogen atom; a halogen atonn; or a 
substituent that bonds to the benzene ring via a carbon, oxygen, nitrogen, sulfur or phosphorus atom. However, at 
IS least one of X^ and X^ is a group of -NRW. R* and R^ each independently represent a hydrogen atom, an alky) group, 
an alkenyl group, an alkynyl group, an aryl group, a heterocyclic group, or a group of -C(=0)-R, -C(=0)-C(=0)-R, -SOg- 
R, -SO-R, -P{=0)(R)2 or -C(=NR')-R, R and R' each Independently represent a hydrogen atom, or a group selected 
from an alkyi group, an aryl group, a heterocyclic group, an annino group, an alkoxy group and an aryloxy group. Of 
the substltuents, neighboring ones may bond to each other to form a ring. 

20 

<Hydrogen Bonding Type Compound> 

[1112] A Hydrogen bonding type compound is also preferably used in the photothirmographic material of the forty- 
fifth embodiment of the invention. 
25 [1113] In case where the reducing agent in the material has an aromatic hydroxyl group (-OH), especially when it is 
any of the above-mentioned bisphenols, the reducing agent is preferably combined with a non-reducing compound 

that has a group capable of fonrjlng a hydrogen bond with the group in the reducing agent. 

[1114] The group capable of fomning a hydrogen bond with the hydroxyl group or the amino group In the reducing 
agent includes, for example, a phosphoryl group, a sulfoxide group, a sulfonyl group, a carbonyl group, an amido group, 

30 an ester group, an urethane group, an ureido group, a tertiary amino group, a nitrogen-containing aromatic group. Of 
those, preferred are a phosphoryl group, a sulfoxide group, an amido group (not having a group of >N-H but is blocked 
to fomn >N-Ra, in which Ra is a substituent except hydrogen), an urethane group (not having a group of >N-H but is 
blocked to fonn >N-Ra, in which Ra is a substituent except hydrogen), an ureido group (not having a group of >N-H 
but is blocked to form >N-Ra, in which Ra is a substituent except hydrogen). 

35 [1115] Especially preferred examples of the Hydrogen bonding type compound for use in the forty-fifth embodiment 
of the invention are those of the following general fonnula (D"): 





General Formula (D**) 



45 



[1116] In fomiula (D"), R21 , R22 and R23 each independently represent an alkyI group, an aryl group, an alkoxy group, 

an aryloxy group, an amino group or a heterocyclic group. These may be unsubstituted or substituted. 

[1117] The substltuents for the substituted groups for R21, R22 and R23 are, for example, a halogen atom, an alkyI 

so group, an aryl group, an alkoxy group, an amino group, an acyt group, an acylamino group, an alkylthio group, an 
arylthio group, a sulfonamide group, an acyloxy group, an oxycarbonyl group, a carbamoyl group, a sulfamoyi group, 
a sulfonyl group and a phosphoryl group. Of the substltuents, preferred are an alkyl group and an aryl group; and more 
prefen-ed are methyl, ethyl, isopropyl, t-butyl, t-octyl, phenyl, 4-alkoxyphenyl and 4-acyloxyphenyl groups. 
[1118] The alkyl group for R21, R22 and R23 includes, for example, methyl, ethyl, butyl, octyl, dodecyl, isopropyl, t- 

ss butyl, t-amyl, l-octyl, cyclohexyl, 1 -methylcyclohexyl, benzyl, phenethyl and 2-phenoxypropyl groups. 

[1119] The aryl group for R21, R22 and R23 includes, for example, phenyl, cresyl, xylyl, naphthyl, 4-t-butylphenyl, 4-t- 
octylphenyl, 4-anisldyt and 3,5-dichlorophenyl groups. 

[1120] The alkoxy group for R2i, R22 and R23 includes, for example, methoxy. ethoxy, butoxy, octyloxy, 2-ethylhex- 
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yloxy, 3,5.5-trimethylhexyloxy, dodecyloxy, cyclohexyloxy. 4-methylcyclohexyloxy and benzyloxy groups. 

[1121] The aryloxy group for R22 and Includes, for example, phenoxy. cresyloxy. isopropylphenoxy, 4-t- 

butylphenoxy, naphthoxy and biphenyloxy groups. 

[1122] The amino group for R21. R22 and R23 includes, for example, dimethylamino, diethylamino. dibutylamino, 
dioctyiamino, N-methyl-N-hexylamino. dicyclohexylamino, diphenylamino and N-methyl-N-phenylamino groups. 
[1 1231 The heterocyclic group for R2i, r22 and R23 may be saturated or unsaturated, including, for example, pyridyl, 
quinolyl, pyrazinyl. benzotriazolyl, Imldazolyl. benzimidazolyl, hydantoin-1 -yl and succinimido groups. 
[1124] For R21, R22 and R23, prefenred are an alkyi group, an aryl group, an aikoxy group and an aryloxy group. From 
the viewpoint of the advantages of the forty-fifth embodiment of the invention, it is preferable that at least one of them 
is an alkyI group or an aryl group, and it is more desirable that at least two of them are any of an alkyI group and an 
aryl group. Even more preferably. R21, R22 and R23 are the same as the compounds of the type are inexpensive. 
[1 125] Specific examples of the compounds of fonnula (D") and other Hydrogen bonding type compounds usable in 
the forty-fifth embodiment of the invention are mentioned below [Compounds (D"-1 ) to (D"-1 7)], to which, however, the 
forty-fifth embodiment of the invention is not limited. 
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(D" - 1 1 ) 



(0" - 1 2) 
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(D"-l 5) (D"-l 6) (D"-l 7) 




[1126] Apart from the above, other Hydrogen bonding type compounds such as those described In Japanese Patent 
Application Nos. 2000-192191 and 2000-194811 are also usable herein. 

[1127] Like the reducing agent mentioned above, the compound of formula (D") may be added to the coating liquid 
for the photothennographic material of the forty-fifth embodiment of the Invention, for example, in the form of Its solution, 
emulsified dispersion or solid particle dispersion. In its solution, the compound of fonnula (D") may form a hydrogen- 
bonding complex with a compound having a phenolic hydroxyl group or an amino group. Depending on the combination 
of the reducing agent and the compound of formula (D") for use herein, the complex may be isolated as Its crystal. 
Thus Isolated, the crystal powder may be formed into its solid particle dispersion, and the dispersion Is especially 
preferred for use In the forty-fifth embodiment of the invention for stabilizing the photothermographic material of the 
forty-fifth embodiment of the invention. As the case may be, the reducing agent and the compound of fonnula (D") may 
be mixed both in powder optionally along with a suitable dispersant added thereto in a sand grinder mill or the like to 
thereby fomn the intended complex in the resulting dispersion . The method is also preferred in the forty-fifth embodiment 
of the invention. 

[1128] Preferably, the amount of the compound of fomnula (D") to be added to the reducing agent falls between 1 
and 200 mol%. more preferably between 10 and 150 mol%, even more preferably between 30 and 100 mol% relative 
to the reducing agent. 

<Binder> 

[1 1 29] Preferably, the photothirmographic material of the forty-fifth embodiment of the Invention contains a binder in 
the image-fomning layer (organic silver salt-containing layer) thereof. The binder Is described below. 
[1130] The binder may be polymer of any type, but is preferably transparent or semitransparent and is generally 
colorless. For it. for example, prefen-ed are natural resins, polymers and copolymers; synthetic resins, polymers and 
copolymers; and other film-fomiing media. More concretely, they Include, for example, gelatins, rubbers, poly{vinyl 
alcohols), hydroxyethyl celluloses, cellulose acetates, cellulose acetate butyrates. poly(vinylpyn-olidone's). casein, 
starch, poly(acrylic acids), poly(methyl methacrylates). poly(vinyl chlorides), poly(methacrylic acids), styrene-maleic 
anhydride copolymers, styrene-acrylonitrile copolymers, styrene-butadiene copolymers, poly(vinylacetals) (e.g., poly 
(vinylformal), poly(vinylbutyral)), poly(esters). poly(urethanes), phenoxy resins, poly(vinyIidene chlorides), poly(epox- 
ides), poly(carbonates), poly(vinyl acetates), poly(olefins), cellulose esters, and poly(amldes). The binder may be pre- 
pared from water or an organic solvent or an emulsion through microencapsulation. 

[1131] The glass transition point of the binder to be in the organic silver salt-containing layer (image-f onning layer) 
in the forty-fifth embodiment of the invention preferably falls between 10*'C and SO'^C (the binder of the type will be 
hereinafter referred to as a hIgh-Tg binder), more preferably between 20°C and 70''C, even more preferably between 
23*'C and 65^C. 

[1 1 32] In this description, Tg is calculated according to the following equation: 

1/Tg=Z(Xin-gj) 

[1133] The polymer of whfch the glass transition point Tg is calculated as in the above comprises n's monomers 
copolymerized (I Indicates the number of the monomers copolymerized, falling between 1 and n); XI indicates the mass 
fraction of r'th monomer (ZXi = 1); Tgi indicates the glass transition point (in tenms of the absolute temperature) of the 
homopolymer of I'th monomer alone; and I indicates the sum total of i falling between 1 and n. For the glass transition 
point (Tgi) of the homopolymer of each monomer alone, referred to Is the description in Polymer Handbook (3rd edition) 
(written by J. Brandrup, E. H. Immergut (Wlley-lnterscience. 1989)). 

[1 1 34) One and the same polymer may be used for the binder, but. if desired, two or more different types of polymers 
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may be combined for it. For example, a polymer having a glass transition point of 20'C or higher and a polymer having 
a glass transition point of lower than 20*0 may be combined, 

[1 1 35] In case where at least two polymers that differ In Tg are blended for use herein, it is desirable that the weight- 
average Tg of the resulting blend falls within the range defined as above. 

5 [1136] In case where the organic silver salt-containing layer (image-forming layer) in the forty-fifth embodiment of 
the invention is formed by using a coating liquid in which at least 30 % by weight of the solvent is water, followed by 
drying it, and in case where the binder in the organic silver salt-containing layer is soluble or dispersible in an aqueous 
solvent (watery solvent), especially when the binder in the organic silver salt-containing layer is a polymer latex that 
has an equilibrium water content at 25*»C and 60 % RH of at most 2 % by weight, the photothermographic material 

10 having the layer of the type enjoys better properties. 

[1137] Most preferably, the binder for use in the forty-fifth embodiment of the invention is so designed that its ionic 
conductivity is at most 2.5 mS/cm. For preparing the binder of the type, for example, employable is a method of preparing 
a polymer for the binder followed by purifying it through a functional membrane for fractionation. 
[1138] The aqueous solvent in which the polymer binder is soluble or dispersible is water or a mixed solvent of water 

15 and at most 70 % by weight of a water-miscible organic solvent. The water-miscible organic solvent includes, for 
example, alcohols such as methyl alcohol, ethyl alcohol, propyl alcohol; cellosolves such as methyl cellosolve, ethyl 
cellosolve, butyl cellosolve; ethyl acetate, and dimethylfomnamide. 

[1 1 39] The temriinology "aqueous solvenr referred to herein can apply also to polymer systems in which the polymer 
is notthemnodynamically dissolved but is seemingly dispersed. 
20 [1140] The "equilibrium water content at 25*'C and 60 % RH" referred to herein for polymer latex is represented by 
the following equation, in which indicates the weight of a polymer in humidity-conditioned equilibrium at 25''C and 
60 % RH, and Wq indicates the absolute dry weight of the polymer at 25*'C. 



2^ Equilibrium water content at 25''C and 60 % RH 

= {(W^ - Wo)/Wo) X 1 00 (wt.%) 

[1141] For the details of the definition of water content and the method for measuring it, for example, referred to is 
30 Poiymer Engineering, Lecture 1 4, Test Methods for Polymer Materials (by the Polymer Society of Japan, Chijin Shokan 
Publishing). 

[1 142] Preferably, the equilibrium water content at 25°C and 60 % RH of the binder polymer for use in the forty-fifth 
embodiment of the invention is at most 2 % by weight, more preferably from 0.01 to 1.5 % by weight, even more 
preferably from 0.02 to 1 % by weight. 

35 [1 1 43] Polymers that serve as the binder in the forty-fifth embodiment of the Invention are preferably dispersible In 
aqueous solvents. Polymer dispersions include, for example, a type of hydrophobic polymer latex with water-insoluble 
fine polymer particles being dispersed, and a type of molecular or micellar polymer dispersion with polymer molecules 
or micelles being dispersed. Any of these is preferred for use herein. The particles in the polymer dispersions preferably 
have a mean particle size falling between 1 and 50000 nm, more preferably between 5 and 1 000 nm. 

40 [1144] The particle size distribution of the dispersed polymer particles is not specifically defined. For example, the 
dispersed polymer particles may have a broad particle size distribution, or may have a nanrow particle size distribution 
of monodispersion. 

[1 1 45] In preferred embodiments of the photothermographic material of the invention, favorably used are hydrophobic 
polymers that are dispersible in aqueous media. The hydrophobic polymers of the type include, for example, acrylic 

45 polymers, poly(esters), rubbers (e.g., SBR resins), poly(urethanes). poly(vinyl chlorides), poly(vtnyl acetates), poly 
(vinylidene chlorides), and poly(olefins). These polymers may be linear, branched or crosslinked ones. They may be 
homopolymers from one type of monomer, or copolymers from two or more different types of monomers. The copoly- 
mers may be random copolymers or block copolymers. The polymers for use herein preferably have a number-average 
molecular weight falling between 5000 and 1000000, more preferably between 10000 and 200000. Polymers having 

so a too small molecular weight are unfavorable to the forty-fifth embodiment of the invention, since the mechanical 
strength of the silver halide emulsion layer comprising such a polymer is low; but others having a too large molecular 
weight are also unfavorable since their workability into films is not good. 

<Exampfes of Latex> 

55 

[1 1 46] Preferred examples of polymer latex for use herein are mentioned below. They are expressed by the constit- 
uent monomers, in which each numeral parenthesized indicates the proportion. In terms of % by weight, of the monomer 
unit, and the molecular weight of each constituent monomer is in terms of the number-average molecular weight thereof . 
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Poiyfunctional monomers fomi a crosslinked structure in polymer latex comprising them, to which, therefore, the con- 
cept of molecular weight does not apply. The polymer latex of the type is referred to as "crosslinked". and the molecular 
weight of the constituent monomers is omitted. Tg indicates the glass transition point of the polymer latex. 

P-1: Latex of -MMA(70)-EA{27)-MAA(3)- (molecular weight 37000. Tg 61 °C) 

P-2: Latex of -MMA(70)-2EHA(20).St(5)-AA(5)- (molecular weight 40000. Tg S9°C) 

P-3: Utex of -St(50)-Bu(47)-MMA(3)- (crosslinked. Tg -IZ^'C) 

P-4: Latex of -St(68)-Bu(29)-AA(3)- (crosslinked, Tg U'^C) 

P-5: Latex of -St(71 )-Bu(26)-AA(3)- (crosslinked, Tg24''C) 

P-6: Latex of -St(70)-Bu(27)-IA(3)- (crosslinked) 

P-7: Latex of -St(75)-Bu(24)-AA(1 )- (crosslinked, Tg 29*0) 

P-8: Latex of -St(60)-Bu(35)-DVB(3)-MAA(2)- (crosslinked) 

P-9: Latex of -St(70)-Bu(25)-DVB(2)-AA(3)- (crosslinked) 

P-10: Latex of .VC(50)-MMA(20)-EA(20)-AN-(5)-AA(5)- (molecular weight BOOOO) 

P-11 : Latex of -VDC(85)-MMA(5)-EA(5)-MAA(5)- (molecular weight 67000) 

P-12: Latex of -Et(90)-IVIAA(10)- (molecular weight 12000) 

P-13: Latex of -St(70)-2EHA(27)-AA(3)- (molecular weigh: 1 30000, Tg 43*»C) 

P-14: Latex of -MMA(63)-EA(35)-AA(2)- (molecular weight 33000, Tg 47*»C) 

P-1 5: Latex of -St(70.5)-Bu(26.5)-AA(3)- (crosslinked. Tg 23«C) 

P-1 6: Latex of -St(69.5)-Bu(27.5)-AA(3)- (crosslinked. Tg 20.5*'C) 

[1 1 47] Abbreviations of the constituent monomers are as follows: 



MMA: 


methyl methacrylate 


EA: 


ethyl acrylate 


MAA: 


methacrylic acid 


2EHA: 


2-ethylhexyl acrylate 


St: 


styrene 


Bu: 


butadiene 


AA: 


acrylic acid 


DVB: 


divinylbenzene 


VC: 


vinyl chloride 


AN: 


acrylonitrile 


VDC: 


vinylidene chloride 


Et: 


ethylene 


\A: 


itaconk: acid 



[1 1 48] The polymer latexes mentioned above are available on the market Some commercial products employable 
herein are mentioned below Examples of acrylic polymers are CEBIAN A-4635, 4718. 4601 (all from Daicel Chemical 
Industnes). and NIpol Lx811 , 814. 821 . 820. 857 (all from Nippon Zeon); examples of poly(esters) are FINETEX ES650 
611. 675. 850 (all from Dai-Nippon Ink & Chemicals), and WD-size, WMS (both from Eastman Chemical); examples 
of poly{urethanes) are HYDRAN AP10. 20. 30. 40 (all from Dai-Nlppon Ink & Chemicals); examples of rubbers are 
LACSTAR 7310K, 3307B. 4700H, 7132C (all from Dai-Nippon Ink & Chemicals), and Nipol Lx416, 410 4380 2507 
(all from Nippon Zeon); examples of poly(vinyl chlorides) are G351 . G576 (both from Nippon Zeon)! examples of poly 
(vinylidene chlorides) are L502, L51 3 (both from Asahi Kasei); and examples of poly(olef ins) are CHEMIPEARL S1 20 
S A1 00 (both from M itsui Petrochemical). 

[1149] These polymer latexes may be used either singly or as combined in any desired manner. 
<Prefened Example of Latex> 



[1 150] For the polymer latex for use herein, especially preferred is styrene-butadiene copolymer latex. In the styrene- 
butadiene copolymer, the ratio of styrene monomer units to butadiene monomer units preferably falls between 40/60 
and 95/5 by weight. Also preferably, the styrene monomer units and the butadiene monomer units account for from 60 
to 99 % by weight of the copolymer. Still preferably, the polymer latex contains from 1 to 6 % by weight, more preferably 
from 2 to 5 % by weight of acrylic acid or methacrylic acid relative to the sum of styrene and butadiene. Even more 
preferably, the polymer latex contains acrylic acid. 

[1151] Preferred examples of the styrene-butadiene copolymer latex for use in the forty-fifth embodiment of the 
invention are the above-mentioned P-3 to P-8 and P-1 5. and commercial products. LACSTAR-3307B. 7132C, and 
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NipolLx416. 

[1152] The organic silver salt-containing layer of the photothermographlc material of the forty-fifth ennbodiment of 
the invention may optionally contain a hydrophilic polymer such as gelatin, polyvinyl alcohol, methyl cellulose, hydrox- 
ypropyl cellulose carboxymethyl cellulose. The amount of the hydrophilic polymer that may be In the layer is preferably 

5 at most 30 % by weight, more preferably at most 20 % by weight of all the binder in the organic silver salt-containing layer 
[11531 Preferably, the polymer latex as above is used in forming the organic silver salt-containing layer (that is, the 
image-forming layer) of the photothermographlc material of the forty-fifth embodiment of the invention. Concretely, the 
amount of the binder in the organic silver salt-containing layer is such that the ratio by weight of total binder/organic 
silver salt falls between 1/10 and 10/1 , more preferably between 1/3 and 5/1 , even more preferably between 1/1 and 3/1 . 

10 [1 1 54] The organic silver salt-containing layer is a photosensitive layer (emulsion layer) generally containing a pho- 
tosensitive silver salt, that is, a photosensitive silver halide. In the layer, the ratio by weight of total binder/silver hallde 
preferably falls between 5 and 400, more preferably between 10 and 200. 

[1155] The overall amount of the binder in the image-forming layer of the photothermographlc material of the forty- 
fifth embodiment of the invention preferably falls between 0.2 and 30 g/m^, more preferably between 1 and 15 g/m^, 
15 even more preferably between 2 and 1 0 g/m2. The image-forming layer may optionally contain a crosslinking agent, 
and a surfactant which is for Improving the coatability of the coating liquid for the layer. 

<Solvent Preferred for Coating Uquld> 

20 [1156] Preferably, the solvent for the coating liquid for the image forming layer (coating liquid for the organic silver 
salt-containing layer) of the photothirmographic material of the forty-fifth embodiment of the invention is an aqueous 
solvent that contains at least 30 % by weight of water The solvent referred to herein Is meant to indicate both solvent 
and dispersion medium for simple expression. 

[1157] Except water, the other components of the aqueous solvent may be any organic solvents that are miscible 
25 with water, including, for example, methyl alcohol, ethyl alcohol, isopropyl alcohol, methyl cellosolve, ethyl cellosolve, 
dimethylfomiamide, ethyl acetate. The water content of the solvent for the coating liquid is preferably at least 50 % by 
weight, more preferably at least 70 % by weight. 

[1158] Preferred examples of the solvent composition are water alone, water/methyl alcohol = 90/1 0, water/methyl 
alcohol = 70/30, water/methyl alcohol/dimethylformamide = 80/15/5, water/methyl alcohol/ethyl cellosolve = 85/10/5, 
30 water/methyl alcohol/isopropyl alcohol = 85/1 0/5. The ratio is by weight. 

<Antffoggant and Others> 

[1159] Antifoggants, stabilizers and stabilizer precursors usable in the forty-fifth embodiment of the invention are 
35 described, for example, in JP-A 10-62899, paragraph [0070]; EP Laid-Open 0803764A1 , from page 20, line 57 to page 
21 , line 7; JP-A 9-281637, 9-329864. 

[1160] Antifoggants prefen'ed for use in the forty-fifth embodiment of the invention are organic halides. These are 
described, for example, In JP-A 11-65021, paragraphs [0111] to [0112]. Especially preferred are organic halides of 
formula (P) in Japanese Patent Application No. 11-87297; organic polyhalogen compounds of formula (II) in JP-A 
40 10-339934; and organic polyhalogen compounds in Japanese Patent Application No. 11-205330. 

[1 161 ] Organic polyhalogen compounds preferred for use in the forty-fifth embodiment of the invention are described 
concretely. Preferably, the polyhalogen compounds for use in the forty-fifth embodiment of the invention are represented 
by the following general fomnuta (H): 

General Formula (H) Q-(Y)n-C(Z^)(Z2)X 

wherein Q represents an alkyl, aryl or heterocyclic group; Y represents a divalent linking group; n indicates 0 or 1 ; 
and Z2 each represent a halogen atom; and X represents a hydrogen atom or an electron-attracting group. 
so [1 162] In formula (H), Q is preferably a phenyl group substituted with an electron-attracting group having a positive 
Hammett's substituent constant Op. For the Hammett's substituent constant, refen^ed to is, for example. Journal of 
Medicinal Chemistry, 1973, Vol. 16. No. 11, 1207-1216. 

[1163] Preferred examples of the electron-attracting group are a halogen atom (fluorine atom with Op of 0.06, chlorine 
atom with Op of 0.23, bromine atom with Op of 0.23, iodine atom with Op of 0.1 8), a trihalomethyl group (tribromomethyl 
55 with Op of 0.29. trichloromethyl with Op of 0.33, trifluoromethyl with Op of 0.54), a cyano group (with Op of 0.66), a nitro 
group (with Op of 0.78), an aliphatic, aryl or heterocyclic sulfonyl group (e.g., methanesulfonyl with Op of 0.722), an 
aliphatic, aryl or heterocyclic acyl group (e.g., acetyl with Op of 0.50, benzoyl with Op of 0.43), an alkynyl group (e.g., 
CsCH with Op of 0.23), an aliphatic, aryl or heterocyclic oxycarbonyl group (e.g., methoxycarbonyl with Op of 0.45, 
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phenoxycarbonyl with Op of 0.44), a carbamoyl group (with Op of 0.36). a sulfamoyi group (with Op of 0.57), a sulfoxide 
group, a heterocyclic group, and a phosphoryl group. 

[1 1 64] The Op of the electron-attracting group preferably falls between 0.2 and 2.0. more preferably between 0 4 and 
1.0. 

[1 165] Of the preferred examples of the electron-attracting group mentioned above, more preferred are a carbamoyl 
group, an alkoxycarbonyl group, an alkylsulfonyl group and an alkylphosphoryl group, and most preferred is a carbamoyl 
group. 

[1166] In formula (H), X is preferably an electron-attracting group. Concretely, it is more preferably a halogen atom, 
an aliphatic, aryl or heterocyclic sulfonyl group, an aliphatic, aryl or heterocyclic acyl group, an aliphatic, aryl or hete- 
rocyclic oxycarbonyl group, a carbamoyl group or a sulfamoyi group. Even more preferably, it is a halogen atom. 
[1167] For the halogen atom for X, preferred are chlorine, bromine and iodine atoms, more preferred are chlorine 
and bromine atoms, and even more preferred is a bromine atom. 

[1168] In fomnula (H), Y is preferably -C(=0)-, -SO- or -SO2-, more preferably -SOg-. n is 0 or 1 , but preferably 1 . 
[1169] Specific examples of the compounds of formula (H) that are preferred for the antifoggant in the forty-fifth 
embodiment of the invention are mentioned below [Compounds (H-1) to (H-22) and (H-24)]. 



(H-U (H-2) (H-3) 

^SP^CBra OCLgO^CBra 0-S02CBr3 

(H-4) (H-5) (H-6) 

iXV-SOaCBrg T\ 
SOaCBra ^^**^N -^ST^SOzCBra 






(H-7) (H-8) (H-9) 

CONHC4H9(n) CONH-/ 

Br,C^N^er, ^ ^^^^ ^-SO^B. 



(H-1 0) (H-1 1 ) (H-1 2) 

N-N 

J' 90N(C2H5)2 $02N(C4H9)2 

CX Cl 

^*^S02CBr3 ^^^^^SOgCBra 
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(H-1 3) (H-1 4) (H-1 5) 

COgCeHia CONHCHgCOaNa CO2H 





SOaCBra ^SOgCBra ^^^SOzCBrg 





(H-1 8) (H-1 9) 

CONHCnHgCn) 



SOaCHBra 




SOaCBra 



(H-2 0) 

^ONHCgHyCn) 






SOgCBrgCN ^ SOzCBr; 
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(H 



2 2) 



(H-24) 




SOaCBra 




SOaCBfa 



[1 1 70] Preferably, the amount of the compound of fomiula (H) to be in the photothemiographic material of the forty- 
fifth embodiment of the Invention falls between 10"^ and 0.8 mols, more preferably between 10-^ and 0.1 mols, even 
more preferably between 5 x 10*3 and 0.05 mols per mol of the non-photosensitive organic silver salt In the image- 
fonrjlng layer of the material. 

[1171] The amount of the polyhalogen compound to be added to the photothirmographic material of the forty-fifth 
embodiment of the invention in which is used a high silver iodide emulsion has a significant meaning. Especially pref- 
erably, therefore, the amount falls between 5 x 10"3 and 0.03 mols per mol of the non -photosensitive silver salt In the 
material. 

[1172] The antifoggant may be incorporated into the photolhemriographic material of the invention In the same man- 
ner as that mentioned hereinabove for incorporating the reducing agent thereinto. Preferably, the organic polyhalogen 
compound is in the form of a fine solid particle dispersion when it is incorporated into the material. 

<Other Antifoggants> 

[1173] Other antlfoggants usable herein are mercury(ll) salts as in JP-A 11-65021, paragraph [0113]; benzoic acids 
as in JP-A 11-65021. paragraph [0114]; salicylic acid derivatives as in JP-A 2000-206642; fonnalin scavenger com- 
pounds of fomnula (S) in JP-A 2000-221634; triazine compounds claimed in claim 9 in JP-A 11-352624; compounds 
of fonnula (III) in JP-A 6-11791 ; and 4-hydroxy-6-methyl-1 ,3,3a, 7-tetra2aindene. 

[i 174] The photothermographic material of the invention may also contain an azolium salt serving as an antifoggant, 
[1175] The azolium salt includes, for example, compounds of formula (XI) in JP-A 59-1 93447, compounds as in JP-B 
55-12581, and compounds of fonnula (II) in JP-A 60-153039. 

[1176] The azolium salt may be present in any site of the photothemiographic material, but is preferably in some 
layer on the surface of the material on which is present a photosensitive layer. More preferably, it is added to the organic 
silver salt-containing layer of the material. 

[1177] Regarding the time at which the azolium salt is added to the material, it may be added to the coating liquid 
at any stage of preparing the liquid. In case where it is to be present in the organic silver salt-containing layer, the 
azolium salt may be added to any of the reaction system to prepare the organic silver salt or the reaction system to 
prepare the coating liquid at any stage of preparing them. Preferably, however, it is added to the coating liquid after 
the stage of preparing the organic silver salt and just before the stage of coating the liquid. 

[1178] The azolium salt to be added may be in any form of powder, solution or fine particle dispersion. It may be 
added along with other additives such as sensitizing dye, reducing agent and toning agent, for example, in the form 
of their solution. 

[1179] The amount of the azolium salt to be added to the photothermographic material of the invention is not spe- 
cifically defined, but preferably falls between 1x10-6 mols and 2 mols, more preferably between 1 x 10*3 mols and 
0.5 mols, per mol of silver in the material. 

<OtherAdditives> 

«Mercapto, Disulfide and Thione Compounds» 

[1180] The photothermographic material of the invention may optionally contain any of mercapto compounds, di- 
sulfide compounds and thione compounds which are for retarding, promoting or controlling the developabillty of the 
material, or for enhancing the spectral sensitivity thereof, or for improving the storage stability thereof before and after 
development. For the additive compounds, for example, referred to are JP-A 10-62899, paragraphs [0067] to [0069]; 
compounds of formula (I) in JP-A 10-186572, and their examples in paragraphs [0033] to [0052); EP Laid-Open 
0803764A1 . page 20, lines 36 to 56; and Japanese Patent Application No. 11-237670. 
[1 1 81 ] Above all. preferred are mercapto-substituted heteroaromatic compounds. 
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<Toning Agent> 

[1 1 82] Adding a toning agent to the photothermographlc material of the invention Is preferred. Examples of the toning 
agent usable herein are described in JP-A 10-62899. paragraphs [0054] to [0055], EP Lald-Open 0803764A1, page 

5 21 , lines 23 to 48; and JP-A 2000-356317; and Japanese Patent Application No. 2000-187298. 

[1183] Preferred for use herein are phthalazinones (phthalazinone, phthalazinone derivatives and their metal salts, 
e.g., 4-(1-naphthyl)phthalazlnone, 6-chlorophthalazinone, 5.7-dimethoxyphthalazlnone, 2,3-dihydro-1 ,4-phthalazlne- 
dlone); combinations of phthalazinones and phthallc acids (e.g., phthalic acid, 4-methylphthalic acid, 4-nltrophthalic 
acid, diammonium phthalate, sodium phthalate, potassium phthalate, tetrachlorophthalic anhydride); phthalazlnes 

10 (phthalazine, phthalazine derivatives and their salts, e.g., 4-(1-naphthyl)phthalazine, 6-isopropylphthalazlne, 6-tert- 
butylphthalazine, 6-chlorophthalazine, 5.7-dimethoxyphthalazine, 2,3-dihydrophthalazine); combinations of phthala- 
zlnes and phthallc acids. More preferred are combinations of phthalazlnes and phthalic acids. 
[1 184] The amount of the phthalazlnes that may be added to the photothemiographlc material of the invention pref- 
erably falls between 0.01 mols and 0.3 mols. more preferably between 0.02 mols and 0.2 mols, even more preferably 

15 between 0.02 mots and 0.1 mols per mol of silver behenate in the material. The amount of the phthalazlnes added to 
the material has a significant meaning for solving the problems with the high silver iodide emulsion used herein, or that 
Is, for improving the developability of the emulsion. Containing a suitably selected amount of the phthalazlnes, the 
photothermographlc material of the invention satisfies the requirements of good developability and fogging resistance. 

20 «Plasticizer, Lubncant» 

[1185] Plastlcizers and lubricants that may be in the photosensitive layer of the photothemriographic material of the 
first embodiment of the Invention are described in, for example, JP-A 1 1 -65021 , paragraph [Oil 7]. Lubricants that may 
be in the layer are also described in JP^A 11-84573, paragraphs [0061] to [0064], and JP-A 11-106881, paragraphs 
25 [0049] to [0062]. 

«Dye, Pigment» 

[1 186] The photosensitive layer in the first embodiment of the invention may contain various types of dyes and pig- 
30 ments (e.g., C.I. Pigment Blue 60. C.I. Pigment Blue 64, C.I. Pigment Blue 15:6) for improving the image tone, for 
preventing Interference fringes during laser exposure, and for preventing irradiation. The details of such dyes and 
pigments are described in, for example, W098/36322, and JP-A 10-268465 and 11-338098. 

«Super-hardenei» 

35 

[1187] For forming super-hard images suitable to printing plates, a super-hardener is preferably added to the image- 
fomning layer of the photothemiographlc material. For such super-hardeners for forming super-hard images, methods 
of using them, and their amounts applicable to the invention, for example, referred to are JP-A 11-65021 , paragraph 
[01 1 8]; JP-A 1 1 -223898, paragraphs [01 36] to [01 93]; compounds of formula (H), those of formulae (1 ) to (3) and those 
40 of fonmulae (A) and (B) in JP-A 2000-284399; compounds of fomnulae (III) to (V) in Japanese Patent Application No. 
11-91652, especially concrete compounds in [Fomiula 21] to [Fomiula 24] therein. For hardening promoters also ap- 
plicable to the invention, refen^ed to are JP-A 11-65021 . paragraph [01 02]; and JP-A 11-223898, paragraphs [0194] to 
[0196], 

[1188] In case where fomnic acid or its salt is used for a strong foggant in the invention. It may be added to the 
45 photosensitive silver haiide-contalning, image-forming layer of the material, and its amount is preferably at most 5 
mmols, more preferably at most 1 mmol per mol of silver in the layer. 

[1189] In case where a super-hardener is used In the photothermographlc material of the first embodiment of the 
invention, it is preferably combined with an acid fomied through hydration of diphosphorus pentoxide or its salt. 
[1 190] The acid to be fonned through hydration of diphosphorus pentoxide and its salts include, for example, met- 
so aphosphoric acid (and its salts), pyrophosphoric acid (and its salts), orthophosphoric acid (and its salts), triphosphoric 
acid (and its salts), tetraphosphoric acid (and its salts), and hexametaphosphoric acid (and its salts). 
[1191] For the acid to be formed through hydration of diphosphoms pentoxide and its salts, preferred for use herein 
are orthophosphoric acid (and its salts), and hexametaphosphoric acid (and its salts). 

[1192] Concretely, their salts are sodium orthophosphate, sodium dihydrogen-orlhophosphate, sodium hexameta- 
S5 phosphate, and ammonium hexametaphosphate. 

[1 193] The amount of the acid to be fonned through hydration of diphosphorus pentoxide or its salt to be used herein 
(that Is, the amount thereof to be In the unit area, one m^, of the photothermographlc nnaterial) may be any desired 
one and may be defined in any desired manner depending on the sensitivity, the fogging resistance and other properties 
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of the material. Preferably, however, it falls between 0.1 and 500 mg/m2, more preferably between 0.5 and 1 00 rng/m^. 
<Layer Constitution> 

[1 1 941 The photothimiographic material of the forty-fifth embodiment of the invention has, on a support, at least one 
image-fonning layer that contains at least one organic silver salt and at least one silver halide, and having thereon at 
least one non-image-recording protective layer on the far side of the support relative to the image-forming layer. 
[1195] In this, the non-image-recording protective layer (surface protective layer) Is for preventing surface blocking 
of the image-fomning layer, and it may have a single-layered structure or a multi-layered structure. The details of the 
surface protective layer are described, for example, in JP-A 11-65021, paragraphs [0119] to [0120], and Japanese 
Patent Application No. 2000-171936. 

[1196] Gelatin Is preferred for the binder in the non-image-recording protective layer (surface protective layer), but 
polyvinyl alcohol (PVA) is also usable for it. Combining the two for the binder is also preferred in the Invention. 
[1197] Gelatin for use herein maybe inert gelatin (e.g., Nitta Gelatin 750), or gelatin phthalide (e.g., Nitta Gelatin 801). 
[1198] For PVA usable herein, referred to are those described in JP-A 2000-171936, paragraphs [0009] to [0020). 
Preferred for PVA for use herein are. for example, completely saponified PVA-1 05; partially saponified PVA-205, PVA- 
355; and modified polyvinyl alcohol, MP-203 (all commercial products of Kuraray). The polyvinyl alcohol content (per 
m2 of the support) of one non-lmage-recoding protective layer (surface protective layer) preferably fails between 0.3 
and 4.0 g/m^, more preferably between 0.3 and 2.0 g/m^. 

[1199] In case where the photothemiographic material of the Invention Is used In the field of printing that require 
high-level dimensional stability, it is desirable to use a polymer latex in the surface protective layer or the back layer 
of the material. 

[1200] The polymer latex for that purpose is described In, for example. Synthetic Resin Emuisions (by Taira Okuda 
& HiroshI Inagaki, the Polymer Publishing Association of Japan, 1978); Appiications of Synthetic Latexes (by Takaaki 
Sugimura, Yasuo Kataoka, Sohlchi Suzuki & Keiji Kasahara, the Polymer Publishing Association of Japan, 1993); and 
Chemistry of Synthetic Latexes (by Sohichi Muroi, the Polymer Publishing Association of Japan, 1 970). Concretely, it 
includes, for example, methyl methacrylate (33.5 wt.%)/ethyl acrylate (50 wt.%)/methacrylic acid (1 6.5 wt.%) copolymer 
latex; methyl methacrylate (47.5 wt.%)/butadiene (47.5 wt.%)/itaconic acid (5 wt.%) copolymer latex; ethyl acrylate/ 
methacrylic acid copolymer latex; methyl methacrylate (58.9 wt.%)y2-ethylhexyl acrylate (25.4 wt.%)/styrene (8.6 wt. 
%)y2-hydroxyethyl methacrylate (5.1 wt.%)/acrylic acid (2.0 wt.%) copolymer latex; and methyl methacrylate (64.0 wt. 
%)/styrene (9.0 wl.%)/butyl acrylate (20.0 wl.%)/2-hydroxyethyl methacrylate (5.0 wt.%)/acrylic acid (2.0 wt,%) copol- 
ymer latex. 

[1201] For the binder for the non-image-recording protective layer (surface protective layer) in the invention, for 
example, refen-ed to are the polymer latex combinations as in Japanese Patent Application No. 1 1 -6872; the techniques 
as in Japanese Patent Application No. 11-143058, paragraphs [0021] to [0025]; the techniques as in Japanese Patent 
Application No. 11-6872, paragraphs [0027] to [0028]; and the techniques as in Japanese Patent Application No. 
1 0-199626, paragraphs [0023] to [0041]. The ratio of the polymer latex in the surface protective layer preferably falls 
between 1 0 % by weight and 90 % by weight, more preferably between 20 % by weight and 80 % by weight of all the 
binder in the layer. 

[1 202] The overall binder content (including water-soluble polymer and latex polymer, per m2 of the support) of one 
surface protective layer preferably falls between 0.3 and 5.0 g/m2. more preferably between 0.3 and 2.0 g/m2, 
[1 203] The temperature at which the coating liquid for the image-fomning layer is prepared preferably falls between 
30*C and es^'C, more preferably between 35'»C and lower than 60°C, even more preferably between 35°C and 55°C. 
Also preferably, the temperature of the coating liquid is kept between 30X and 65°C immediately after a polymer latex 
Is added thereto. 

[1 204] One or more image-forming layers are fomned on one support to produce the photothermographic material 
of the invention. In case where the material has one image-fomning layer, the layer must contain at least one organic 
sih^er salt and at least one photosensitive silver halide along with a reducing agent and a binder, and may contain 
optional additives such as a toning agent, a coating aid and other auxiliary agents. In case where the material has two 
or more image-fonnning layers, the first image-forming layer (in general, this is directly adjacent to the support) must 
contain an organic silver salt and a photosensitive silver halide. and the second image-forming layer or the two layers 
must contain the other ingredients. 

[1 205] The photothenmographic material for multi-color expression of the invention may have combinations of these 
two layers for the respective colors, or may contain all the necessary ingredients in a single layer, for example, as in 
USP 4.708,928. For the photothermographic material of a type containing multiple dyes for multi-color expression, the 
individual emulsion layers are differentiated and spaced from the others via a functional or non-functional barrier layer 
between the adjacent emulsion layers, for example, as in USP 4,460,681. 

[1206] The photosensitive layer of the photothermographic material of the invention may contain various types of 
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dyes and pigments (e.g., C.I. Pigment Blue 60, C.I. Pigment Blue 64, C.I. Pigment Blue 15:6) for improving the image 
tone, for preventing Interference fringes during laser exposure, and for preventing irradiation. The details of such dyes 
and pigments are described In, for example, W098/36322, and JP-A 10-268465. 11-338098. 
[1207] The photothennographic material of the invention may have an antihalation layer remoter from the light source 

5 to which it is exposed than its photosensitive layer. 

[1208] In general, the photothemiographic material has non-photosensitive layers in addition to photosensitive lay- 
ers. Depending on their positions, the non-photosensitive layers are classified into (1) a protective layer to be disposed 
on a photosensitive layer (remoter from the support than the photosensitive layer); (2) an interlayer to be disposed 
between adjacent photosensitive layers or between a photosensitive layer and a protective layer; (3) an undercoat 

10 layer to be disposed between a photosensitive layer and a support; (4) a back layer to be disposed on a support 
opposite to a photosensitive layer. The layers (1) and (2) are filter layers that are in the photothermographic material. 
The layers (3) and (4) are antihalation layers in the material. 

[1209] The antihalation layers are described in, for example, JP-A 11-65021, paragraphs [0123] to [0124]; JP-A 
11-223898, 9-230531, 10-36695, 10-104779, 11-231457. 11-352625. 11-352626. 

15 [1210] The antihalation layers contain an antihalation dye capable of absorbing the light to which the photothenno- 
graphic material is exposed. In case where the photothennographic material is exposed to IR rays, IR-absorbing dyes 
may be used for antihalation. In that case, It is desirable that the dyes do not absorb visible light 
[1211] On the other hand, in case where visible light-absorbing dyes are used for antihalation, It is desirable that the 
dyes used are substantially decolored after image formation on the material, for which, for example, usable are de- 

20 coloring agents that have the ability to decolor the dyes when heated in the step of thermal development. Preferably, 
a thermal decoloring dye and a base precursor are added to the non-photosensitive layers so that the layers containing 
them may function as antihalation layers. The details of this technique are described in, for example, JP-A 1 1 -231457. 
[1212] The amount of the decoloring dye to be added shall be detennlned, depending on the use of the dye. In 
general, its amount is so determined that the dye added could ensure an optical density (absorbance), measured at 

25 an intended wavelength, of larger than 1 .0. The optical density preferably falls between 0.2 and 2. The amount of the 
dye capable of ensuring the optical density falling within the range may be generally from 0.001 to 1 g/m^ or so. 
[1213] Decoloring the dyes In the photothennographic material in that manner can lower the optical density of the 
material to 0.1 or less after thennal development. Two or more different types of decoloring dyes may be in the ther- 
modecoloring recording material or the photothermographic material. Similarly, two or more different types of base 

30 precursors may be in the material. 

[1214] In thethemnodecoloring material of the type that contains a decoloring dye and a base precursor, it is desirable 
In view of the thennodecoloring ability of the material that the base precursor therein is combined with a substance 
which, when mixed with the base precursor, can lower the melting point of the mixture by at most 3'»C (e.g., diphenyl 
sulfone, 4-chlorophenyl(phenyl) sulfone), for example, as in JP-A 352626/1999. 

35 [1215] In the invention, a coloring agent having an absorption maximum in the range falling between 300 and 450 
nm may be added to the photothermographic material for improving the silver tone and the image stability of the material. 
The coloring agent is described in, for example, JP-A 62-210458, 63-104046, 63-1003235, 63-208846, 63-306436, 
63-314535, 01-61745, and Japanese Patent Application No. 11-276761 . 

[1216] In general, the amount of the coloring agent to be added to the material falls between 0.1 mg/m2 and 1 g/m^. 
40 Preferably, it is added to the back layer that is opposite to the photosensitive layer of the material. 

[1217] Preferably, the photothennographic material of the invention has, on one surface of its support, at least one 
photosensitive layer that contains a photosensitive silver halide emulsion, and has a back layer on the other surface 
thereof. This Is refen^ed to as a single-sided photothennographic material. 

[1218] Also preferably, the photothermographic material of the invention contains a matting agent which is for im- 
45 proving the transferability of the material. Matting agents are described in JP-A 1 1 -65021 , paragraphs [01 26] to [01 27]. 
The amount of the matting agent to be added to the photothennographic material of the invention preferably falls 
between 1 and 400 mg/m^, more preferably between 5 and 300 mg/m^ of the material. 

[1219] The degree to which the emulsion surface of the photothennographic material of the invention is matted Is 
not specifically defined, so far as the matted layer surface is free from star dust trouble, but is preferably such that the 

50 Beck's smoothness of the matted surface could fall between 30 seconds and 2000 seconds, more preferably between 
40 seconds and 1500 seconds. The Beck's smoothness is readily obtained according to J IS P811 9 (method of testing 
surface smoothness of paper and paper boards with Beck tester), and to TAPPI Standard T479, 
[1220] Regarding the matting degree of the back layer of the photothennographic material of the invention, the Beck's 
smoothness of the matted back layer preferably falls between 1 0 seconds and 1 200 seconds, more preferably between 

55 20 seconds and 800 seconds, even more preferably between 40 seconds and 500 seconds. 

[1221] Preferably, the photothennographic material of the invention contains a matting agent in the outemnost surface 
layer, or In a layer functioning as an outennost surface layer, or in a layer nearer to the outemnost surface. Also pref- 
erably, it may contain a matting agent In a layer functioning as a protective layer. 
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[1 222] The details of the back layer applicable to the invention are described in JP-A 1 1 -65021 . paragraphs [01 28] 
to f01 30 J ■ 

[1 223] Also preferably, the surface of the photothennographic material of the invention has a pH of at most 7 0 more 
preferably at most 6.6, before developed under heat. The lowemiost limit of the pH is not specifically defined but may 
be at least 3 or so. Most preferably, the pH range falls between 4 and 6.2. 

[1224] For controlling the surface pH of the photothermographic material, employable are nonvolatile acids for ex- 
ample, organic acids such as phthalic acid derivatives, or sulfuric acid, or nonvolatile bases such as ammonia These 
are preferred as effective for reducing the surface pH of the material. Especially preferred for the surface pH-lowering 
agent is ammonia, as it is highly volatile, and therefore can be readily removed while the coating liquids containing it 
are coated and surely before thennnal development. 

[1225] Also preferred Is combining ammonia with a nonvolatile base such as sodium hydroxide, potassium hydroxide 
or lithium hydroxide. For measuring the surface pH of the photothermographic materials, referred to is the description 
in Japanese Patent Applfcation No. 11-87297, paragraph [0123]. 

[1226] A hardening agent may be added to the photosensitive layer, the surface protective layer, the back layer and 
other layers constituting the photothemiographic material of the invention. The details of the hardening agent applicable 
to the invention are described in TH. James' The Theory of the Photographic Process, 4th Ed. (Macmillan Publishing 
Co., Inc.. 1 977), pp. 77-87. For example, prefen-ed for use herein are chromium alum. 2.4-dichIoro-6-hydroxy-s-tria2ine 
sodium salt. N,N-ethylenebis(vinylsulfonacetamide). N.N-propylenebis(vinylsulfonacetamide); as well as polyvalent 
metal ions described on page 78 of that reference; polyisocyanates described in USP 4.281.060 and JP^ 6-208193- 
epoxy compounds described in USP 4,791 ,042; and vinylsulfone compounds described in JP^ 62-89048 
[1227] The hardening agent is added to the coating liquids in the form of its solution. The time at which the solution 
IS added to the coating liquid for the protective layer may fall between 1 80 minutes before coating the liquid and a time 
just before the coating, preferably between 60 minutes before the coating and 1 0 seconds before it However there is 
no specific limitation thereon, so far as the method and the condition employed for adding the hardening agent to the 
coating liquid ensure the advantages of the invention. 

[1228] Concretely for adding it. employable Is a method of mixing a hardening agent with a coating liquid in a tank 
in such a controlled manner that the mean residence time for the agent as calculated from the amount of the agent 
added and the flow rate of the coating liquid to a coater could be a predetemiined period of time; or a method of mixing 
them with a static mixer, for example, as in N. Harunby. M. R Edwards & A. W. NienoWs Liquid Mixing Technology 
Chap. 8 (translated by Koji Takahasi, published by Nikkan Kogyo Shinbun, 1989). 

[1 229] Surfactants applicable to the photothermographfc material of the invention are described in JP-A 1 1 -65021 
paragraph [01 32]; solvents applicable thereto are in the same but in paragraph [01 33]; supports applicable thereto are 
in the same but in paragraph [0134]; antistatic and electroconductive layers applicable thereto are in the same but in 
paragraph [0135]; methods of forming color images applicable thereto are in the same but in paragraph [01 36]- lubri- 
t?[0062] ^^"^ 11-84573. paragraphs [0061] to [0064] and JP-A 11-106881. paragraphs [0049] 

[1230] Next described are the supports for the photothermographic material of the invention 
[1 231 ] For the transparent supports for the photothermographic material, preferred are blaxially-stretched films of 
polyesters, especially polyethylene terephthalate heated at a temperature falling between 130 and 185-C TTie heat 
treatment IS for removing the internal strain that may remain in the biaxially-stretched films and for preventing the film 
supports from being thermally shrunk during themial development of the material. 

[1232] In case where the photothemiographic material of the invention is for medical treatment, the transparent 
support for It may be colored with a blue dye (for example, with Dye-1 used in the examples in JP-A 8-240877) or may 
not be colored. Preferably, the support of the photothermographic material of the invention is undercoated, for example 
with a water-soluble polyester as in JP-A 1 1 -84574; a styrene-butadiene copolymer as in JP-A 1 0-1 86565- or a vinyli- 
toToosS]'' ''^'P'^'y"'^' ^^'^ 2000-39684 and Japanese Patent Application No. 11-106881 . paragraphs [0063] 

[1 233] For the antistatic layer and the undercoat layer to be formed in the invention, for example, referred to are the 
echniques disclosed in JP-A 56-143430. 56-143431. 68-62646. 56-120519. 11-84573. paragraphs [0040] to [00511- 
USP 5.575,957; and JP-A 11-223898. paragraphs [0078] to [0084]. ^ ^ ^' 

[1234] Preferably, the photothermographic material of the invention is of a monosheet type. The monosheet type 
f^^LTZ"^ additional sheet to receive images thereon, but may directly fomi Images on Itself 

♦ . T^f photothermographic material of the invention may optionally contain an antioxidant, a stabilizer a plas- 
ticizer. a UV absort)ent or a coating aid. Such additives may be in any of the photosensitive layers or the non-photo- 
sensitive layers of the material. For the additives, for example, referred to are W098/36322 EP 803764A1 JP-A 
1 0-1 86567 and 1 0-1 8568. ' i . jr m 
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<Fabrication of Photothermographic Material> 

[1 236] To fabricate the photothermographic material of the invention, the coating liquids may be applied onto a sup- 
port in any desired manner. Concretely, various types of coating techniques are employable herein, including, for ex- 
5 ample, extrusion coating, slide coating, curtain coating, dipping, knife coating, and flow coating. Various types of hop- 
pers for extrusion coating employable herein are described in USP 2,681 ,294. Preferred for the photothennographic 
material of the invention is extrusion coating or slide coating described in Stephen F. KIstler & Petert M. Schweizer's 
Liquid Film Coating {Chapman & Hall, 1997), pp. 399-536. More preferred Is slide coating. 

[1237] One example of the shape of a slide coater for slide coating is in Figure 1 1 b-1 , on page 427 of that reference. 
10 If desired, two or more layers may be formed at the same time, for example, according to the methods described from 
page 399 to page 536 of that reference, or to the methods described in USP 2,761 ,791 and BP 837,095. 
[1238] Preferably, the coating liquid for the organic silver salt-containing layer in the invention is a thixotropic flow. 
For it, referred to is the technique described In JP-A 11-52509. 

[1239] Preferably, the coating liquid for the organic silver salt-containing layer in the invention has a viscosity falling 
IS between 400 mPa-s and 100,000 mPa-s, more preferably between 500 mPa-s and 20,000 mPa-s. at a shear rate of 
0.1 sec-1. Also preferably, the viscosity falls between 1 mPa-s and 200 mPa-s, more preferably between 5 mPa-s and 
80 mPa s, at a shear rate of 1000 secV 

[1240] Other techniques applicable to the photothermographic material of the invention are, for example, in EP 
803764A1, EP 883022A1, W098/36322; JP-A 56-62648. 58-62644, 9-43766. 9-281637, 9-297367. 9-304869, 
20 9-311405, 9-329865, 10-10669, 10-62899, 10-69023, 10-186568, 10-90823, 10-171063, 10-186565, 10-186567, 
10-186569 to 10-186572, 10-197974, 10-197982, 10-197983, 10-197985 to 10-197987, 10-207001. 10-207004, 

10- 221807, 10-282601, 10-288823, 10-288824, 10-307365, 10-312038, 10-339934. 11-7100. 11-15105. 11-24200, 

11- 24201, 11-30832, 11-84574, 11-65021. 11-109647, 11-125880, 11-129629, 11-133536 to 11-133539, 11-133542, 
11-133543, 11-223898, 11-352627, 11-305377. 11-305378, 11-306384, 11-305380, 11-316435, 11-327076. 11-338096, 

25 11-338098, 11-338099, 11-343420; and Japanese Patent Application Nos. 2000-187298. 2000-10229, 2000-47345, 
2000-206642, 2000-98530, 2000-98531 , 2000-113059, 2000-112060. 2000-112104, 2000-112064, 2000-171936. 

<Packaging Material for Photothermographic Material> 

30 [1241] Preferably, the photothennographic material of the invention is wrapped with a material of tow oxygen and/ 
or moisture penneability for preventing its photographic properties from varying and for preventing it from curiing or 
from having a curled habit while stored as raw films. 

[1 242] Preferred examples of the packaging material of low oxygen and/or moisture pemneability for use herein are 
described, for example, in JP-A 8-264793, 2000-206653. 

35 

<Exposure and Thermal Development> 

[1243] The photothennographic material of the invention may be developed in any manner. In general, after having 
been Imagewise exposed, it is developed under heat. Preferably, the temperature for the development falls between 

40 80 and 250*'C, more preferably between 100 and 140°C. The time for the development preferably falls between 1 and 
60 seconds, more preferably between 5 and 30 seconds, even more preferably between 10 and 20 seconds. 
[1244] For themial development for the material, prefenred Is a plate heater system. For the plate heater system for 
the material of the invention, prefen-ed is the method described In JP-A 133572/1999. The plate heater system de- 
scribed therein Is for thermal development of photothermographic materials. In which a photothermographic material 

45 having been exposed to have a latent image thereon is brought into contact with a heating unit in the zone for thermal 
development to thereby convert the latent image Into a visible image. In this, the heating unit comprises a plate heater, 
and multiple presser rolls are disposed in series on one surface of the plate heater. The exposed photothermographic 
material is passed between the multiple pressure rolls and the plate heater, whereby it is developed under heat. 
[1245] The plate heater is sectioned Into 2 to 6 stages, and it is desirable that the temperature of the top stage Is 

so kept lower by 1 to lO^'C or so than that of the others. The system is also described in JP-A 54-30032. In the plate 
heater system, water and organic solvent that remain in the photothermographic material being processed can be 
removed out of the material. In this, in addition, the support of the photothermographic material rapidly heated is pre- 
vented from being deformed. 

[1 246] Laser rays are preferred for the light source to which the photothirmographic material of the forty-fifth embod- 
55 iment of the invention is exposed. One problem with the high silver iodide emulsion which is preferably used in the 
invention is that its sensitivity is low. However, we. the present inventors have found that, when an image Is written on 
the emulsion layer of the photothermographic material of the invention through exposure to high-intensity laser rays, 
the energy necessary for Image fomiation thereon may be reduced. Accordingly, when an image Is written on the layer 
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through exposure to such strong light for a short period of time, the layer ensures the intended sensitivity. 
[1247] On the surface of the photothermographlc material, the quantity of light to which the material is exposed to 
form thereon an Image having a maximum density preferably falls between 0.1 W/mm^ and 100 W/mm^. more prefer- 
ably between 0.5 W/mm^ and 50 W/mm^, even more preferably between 1 W/nrvn2 and 50 W/mm^. 
[1248] For the laser rays to which the material is exposed, preferred are gas lasers (Ar^, He-Ne), YAG lasers, color 
lasers, or semiconductor lasers. Also employable is a combination of semiconductor lasers and secondary hannonics 
generators. Above all, especially preferred for use in the invention are gas or semiconductor lasers for red to Infrared 
emission. 

[1249] Preferably, the peak wavelength of the laser rays falls between 600 nm and 900 nm, even more preferably 
between 620 nm and 850 nm. 

[1250] Also preferred are laser rays of which the peak wavelength falls between 300 nm and 500 nm. 

[1 251] In addition, laser rays that multiply oscillate in the machine direction through high-frequency superimposition 

are also preferred for use in the invention. 

[1252] One example of laser imagers for medical treatment equipped with an exposure unit and a thermal develop- 
ment unit that are applicable to the invention is Fuji Medical Dry Laser Imager FM-DP L. The system FM-DP L is 
described in Fuji Medical Review No. 8, pp. 39-55. Needless-to-say, the technique disclosed therein is applicable to ' 
laser imagers for the photothermographic material of the invention. In addition, the photothermographlc material of the 
invention can be processed in the laser imager in the AD Network which Fuji Medical System has proposed for a 
network system under DICOM Standards. 

[1253] The photothemnographic material of the invention fonns a monochromatic image based on silver, and is fa- 
vorable for use in medical diagnosis, industrial photography, printing, and COM. 

EXAMPLES 

-Examples of First Embodiment- 

[1254] Hereinafter, a first embodiment of a photothemiographic material according to the present invention will be 
explained in more detail with reference to examples. However, the first embodiment according to the invention is by 
no means limited to these examples. 

Example 1 

Preparation of PET Support 

[1 255] PET with an intrinsic viscosity (IV) of 0.66 (measured in phenol/tetrachloroethane=6/4 (ratio by mass) at 25'C) 
was obtained by a general procedure by using terephthalic acid and ethylene glycol. The thus-obtained PET was 
pelletized, dried at 1 30**Cfor4 hours, melted atSOO^'C, extruded from aT-die and rapidly cooled to obtain an unstretched 
film having a thickness of 175 jim on an after-heat-setting basis. 

[1256] The film was then longitudinally stretched 3.3 times by using rollers which are different in a peripheral speed 
from each other and then transversely stretched 4.5 times by using a tenter. Temperatures applied in these cases were 
1 1 0'^C and 1 30*'C. respectively. Subsequently, the film was heat-set at 240°C for 20 seconds, and then relaxed by 4% 
in the transverse direction at a same temperature. Thereafter, a portion chucked by the tenter was slit off and the film 
was knurled at both edges thereof and then taken up at a rate of 4 kg/cm^ to obtain a rolled support having a thickness 
of 1 75 Jim. 

Surface Corona Treatment 

[1 257] Using a solid state corona treatment apparatus (model: 6KVA: avallablef rom Pillar Corporation), both surfaces 
of the support were subjected to a corona treatment at 20 m/minute at room temperature. Referring to read values of 
current and voltage, it was confimied that the support was treated at 0.375 kVA-minute/nr»2. Frequency for the treatment 
was 9.6 kHz and a gap clearance between an electrode and a dielectric roll was 1 .6 mm. 
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Preparation of Undercoated Support 

Preparation of Coating Liquid for Undercoat Layer 

<Formuiation 1: for Undercoat Layer on Photosensitive Layer Side> 

[1258] 



10 



15 



20 
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30 
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"PESRESIN A-520" available from Takamatsu Oil & Fat Co., Ltd. (30 mass% solution) 
polyethylene glycol monononylphenyl ether (average ethylene oxide nunnber: 8.5) 10 mass% solution 
"MP-1000" (polymer fine particles; average particle diameter: 0.4^m) available from Soken Chemical & 
Engineering Co., Ltd.) 
distilled water 




<Formulation 2: for First Layer on Bacf< Surface Side> 
[1259] 



styrene-butadiene copolymer latex (solid content; 40 mass%; a ratio of styrene/butadiene by mass: 68/32) 
2,4-dichloro-6-hydroxy-S-triazine sodium salt (8 mass% aqueous solution) 
sodium laurylbenzene sulfonate (1 mass% aqueous solution) 
distilled water 



158 g 
20 g 
10ml 
854 ml 



45 



<Fdrmu!atlon 3: for Second Layer on Back Surface Side> 
[1260] 



SnOg/SbO (ratio by mass: 9/1 ; average particle dismeter: 0.038 jim; 17 mass% dispersion) 
gelatin (1 0 mass% aqueous solution) 

"METHOLLOSE TC-5" available from Shin-Etsu Chemical Co., Ltd. (2 mass% aqueous solution) 
"MP-1000" available from Soken Chemical & Engineering Co., Ltd. 
Sodium dodecylbenzene sulfonate (1 mass% aqueous solution) 
NaOH (1 mass%) 

"PROXEL" available from ICI Corporation 
distilled water 




[1 261 ] After both surfaces of the biaxlally stretched polyethylene terephthalate film of 1 75 ^ thick were individually 
subjected to the corona discharge treatment, the composition 1 of the coating liquid for undercoat was coated on one 
surface (photosensitive layer side) by using a wire bar in a wet coated amount of 6.6 ml/m^ (for one side) and was 
allowed to dry at 180'C for 5 minutes. The composition 2 of the coating liquid for undercoat was coated on a back 
surface by using a wire bar in a wet coated amount of 5.7 ml/m^ and, then, allowed to dry at 1 SO^C for 5 minutes and, 
further, the composition 3 of the coating liquid for undercoat was coated on the back surface by using a wire bar in a 
wet coated amount of 7.7 mt/m^ and, then, allowed to dry at 180°C for 6 minutes, thereby to obtain an undercoated 
support. 



Preparation of Coating Liquid for Bade Surface 

Preparation of Solid Fine Particle Dispersion (a) of Basic Precursor 

[1262] 1 .5 kg of a basic precursor compound 1 , 225 g of an surfactant (trade name: DEMOL-N; available from Kao 
Corporation), 937.5 g of diphenylsulfone and 15 g of parahydroxy benzoic acid butyl ester (trade name: Mekkinsu; 
available from Ueno Phannaceuttoal Co., Ltd.) were mixed and, further, made up to be 5.0 kg in a total weight by being 
added with distilled water and, then, the resultant mixture was bead-dispersed by using a lateral sand mill (UVM-2: 
available from Atmex, Ltd.). As for a dispersion method, the mixture was fed to the UVM-2 filled with zirconia beads 
having an average diameter of 0.5 mm by using a diaphragm pump and dispersed under an inner pressure of 50 hPa 



197 



EP 1 308 776 A2 



or more until a desired average particle diameter was obtained. 

[1263] Such dispersion processing has been performed until a dispersion in which, as a result of spectral absorption 
measurements, a ratio (D450/D650) of absorbance at 450 nm against that at 650 nm derived from spectral absorption 
of the dispersion was 2.2 or more was obtained. The thus-obtained dispersion was diluted with distilled water such 
that a concentration of the basic precursor was 20 mass %. filtered (using a filter made of polypropylene having an 
average pore diameter of 3 ^m) to remove dust and put for practical use. 

Preparation of So/id Fine Particle Dispersion of Dye 

[1264] 6.0 kg of a cyanine dye compound-1 , 3.0 kg of sodium p-dodecylbenzene sulfonate, 0.6 kg of a surfactant 
DEMOL SNB available from Kao Corporation and 0.15 kg of an antifoaming agent (trade name: Surfynol 1 04E; available 
from Nissin Chemical Industry Co., Ltd.) were mixed and made up to be 60 kg in a total weight by being added with 
distilled water The resultant mixture was dispersed by zirconia beads by using a lateral sand mill (UVI\/l-2; available 
from Aimex, Limited). 

[1265] Such dispersion processing has been perfonmed until a dispersion in which, as a result of spectral absorption 
measurements, a ratio (D650/D750) of absorbance at 650 nm against that at 750 nm derived from spectral absorption 
of the dispersion was 5.0 or more was obtined. The thus-obtained dispersion was diluted with distilled water such that 
a concentration of the cyanine dye was 6 mass %, filtered (average pore diameter of filter: 1 jrni) to remove dust and 
put for practical use. 

Preparation of Coating Uquid for Anti-hatation Layer 

[1266] 30 g of gelatin, 24.5 g of polyacrylamide. 2.2 g of 1 mol/l caustic soda, 2.4 g of monodispersed polymethyl 
methacrylate fine particles (average particle size: 8 \im\ particle diameter standard deviation: 0.4). 0.08 g of benzoi- 
sothiazolinone, 35.9 g of the above-described solid fine particle dispersion of dye, 74.2 g of the above-described solid 
fine particle dispersion (a) of the basic precursor. 0.6 g of sodium polyethylenesulfonate, 0.21 g of a blue dye compound- 
1 , 0.1 5 g of a yellow dye compound-1 and 8.3 g of acrylic acid/ethyl acrylate copolymerization latex (copolymerization 
ratio: 5/95) were mixed and made up to be 8183 ml in a total volume by being added with water, thereby to prepare a 
coating liquid for the anti-halation layer. 

Preparation of Coating Uquid for Protective Layer on Ba(^ Surmce 

[1267] While keeping a temperature of a vessel at 40»C, 40 g of gelatin, 1 .5 g of liquid paraffin emulsion in temis of 
liquid paraffin. 35 mg of benzoisothiazolinone, 6.8 g of 1 mol/l caustic soda, 0.6 g of sodium t-octylphenoxyethoxyethane 
sulfonate, 0.27 g of sodium polystyrene sulfonate, 37 mg of a fluorinated surfactant (F-1 : N-perfluorooctylsulfonyl-N- 
propylalanine potassium salt), 150 mg of a fluorinated surfactant (F-2: polyethylene glycol mono(N-perfluorooctylsul- 
fonyl-N-propyl-2-amlnoethyl) ether [average degree of polymerization of ethylene oxide: 15], 64 mg of a fluorinated 
surfactant (F-3). 32 mg of a fluorinated surfactant (F-4). 6.0 g of acrylic acid/ethyl acrylate copolymer (copolymerization 
ratio by mass: 5/95) and 2.0 g of N,N-ethylenebis(vinyl sulfone acetamide) were mixed and made up to be 10 liter by 
being added with water, thereby to obtain a coating liquid for the protective layer on the back surface. 

Preparation of Silver Halide Emulsion 

<Preparation of Silver Halide Emulsion 1> 

[1268] To 1 .421 ml of water, added were 3.1 ml of a 1 mass% potassium bromide solution, 3.5 ml of a 0.5 mol/L 
concentration of sulfuric acid and 31 .7 g of phthalized gelatin; while the resultant liquid was kept stirring In a stainless- 
steel reaction vessel at a constant liquid temperature of 35*'C, was added thereto an entire volume of a solution A in 
which 22.22 g of silver nitrate was diluted by distilled water to be 1 95.6 ml and a solution B In which 1 3.7 g of potassium 
bromide and 2.6 g of potassium Iodide were diluted by distilled water to be 218 ml at a constant flow rate over 45 
seconds. Thereafter, the resultant solution was added with 1 0 m! of a 3.5 mass% aqueous hydrogen peroxide solution 
and, further, with 10.8 ml of a 10 mass% aqueous solution of benzolmidazole. 

[1269] Further, was added thereto an entire volume of a solution C in which 51 .86 g of silver nitrate was diluted with 
distilled water to be 317.5 ml and a solution D In which 31 .9 g of potassium bromide and 6.1 g of potassium iodide 
were diluted with distilled water to be 600 ml such that an entire volume of the solution C was added thereto at a 
constant flow rate over 120 minutes and the solution D was added thereto by a controlled double jet method while a 
pAg thereof is kept at 8.1 . Further, added thereto was an entire volume of potassium hexachloroiridate(lll) 10 minutes 
after the solution C and the solution D started to be added so as to attain a concentration of 1X10^ mol/mol of Ag. 
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Furthermore, an entire volume of 3X1 0"* mol/mol of Ag of an aqueous solution of potassium iron (II) hexacyanate was 
added 5 minutes after completion of such an addition of the solution C. At the point of time when the pH of the resultant 
mixture was adjusted to be 3.8 by using a 0.5 mol/L concentration of sulfuric acid, stirring is stopped and the resultant 
mixture was subjected to sedimentation/desalling/rinsing operations. Thereafter, the pH of the mixture was adjusted 

5 to be 5.9 by using a 1 molA. concentration of sodium hydroxide to prepare a silver halide dispersion having a pAg of 8.0. 
[1270] Subsequently, while the thus-prepared silver halide dispersion was l<ept stirring at 38**C, the dispersion was 
added with 5 ml of a 0.34 mass% methanol solution of 1 ,2-benzlsothla20lin-3-one and, 40 minutes after such an ad- 
dition, added with a methanol solution of mixture of a spectral sensitizing dye A and a spectral sensitizing dye B at a 
mixing ratio of 1 :1 in an amount of 1 .2X1 0-3 mol/mol of Ag and, one minute after the above addition, a temperature of 

10 the resultant dispersion was raised to 47*C. 20 minute after such temperature raising, the resultant dispersion was 
added with a methanol solution of sodium benzene thiosulfonate in an amount of 7,6X10-5 mol/mol of Ag and, further, 
5 minutes after such an addition, added with a methanol solution of a tellurium sensitizer C in an amount of 2.9X1 0'"* 
mol/mol of Ag and, then, ripened for 91 minutes. Thereafter, the resultant dispersion was added with 1 .3 ml of a 0.8 
mass% methanol solution of N,N'-dihydroxy-N"-diethylmelamine and, 4 minutes after such an addition, added with a 

15 methanol solution of 5-methyl-2-mercaptobenzoimidazole in an amount of 4 .8X1 0-3 mol/mol of Ag, a methanol solution 
of 1-phenyl-2-heptyl-5-mercapto-1,3,4-triazole In an amount of 5.4X10-3 mol/mol of Ag and an aqueous solution of a 
mercapto compound-2 in an amount of 1 .5X1 0-2 mol/mol of Ag, thereby to obtain a silver halide emulsion 1 . 
[1271] Particles contained In the thus-prepared silver halide emulsion were silver iodobromide particles unlfomnty 
containing 12 mol% of iodide having an average sphere-equivalent diameter of 0.042 jim and a sphere-equivalent 

20 coefficient of variation of 1 8%. On this occasion, a particle size and the lil<e were detenmined based on an average of 
1000 particles under an electron microscopic observation. 

<Preparation of Mixed Emulsion A for Coating Uquid> 

25 [1272] The silver halide emulsion 1 was dissolved and, then, added with a 1 mass% aqueous solution of benzothi- 
azollum iodide in an amount of 7X1 0"3 mol/mol of Ag. Subsequently, the resultant emulsion was added with a compound 
expressed by a general fomnula (1) shown in Table 1 in an amount of 1X10-3 mol/mol of Ag and, further, added with 
water such that a content of silver halide becomes 38,2 g In temris of silver per I<g of the mixed emulsion for coating liquid. 

30 <Preparation of Fatty Acid Siiver Dispersion> 

[1273] 87.6 l<g of behenic acid (trade name: "Edenor C22-85R"; available from Henkel Corporation), 423 L of distilled 
water, 49.2 L of a 5 mol/L concentration of an aqueous NaOH solution and 120 L of t-butyl alcohol were mixed and, 
then, the resultant mixture was stirred at 75'*C for one hour to allow the mixture to react, thereby to obtain a sodium 

35 behenate solution. Separately, 206.2 L (pH 4.0) of an aqueous solution containing 40.4 kg of silver nitrate was prepared 
and l<ept at 10**C. A reaction vessel containing 635 L of distilled water and 30 L of t-butyl alcohol was kept at 30**C 
and, then, was added with an entire volume of the thus-obtained sodium behenate solution and an entire volume of 
the aqueous silver nitrate solution each at a constant flow rate over 93 minutes and 16 seconds and over 90 minutes, 
respectively, while being thoroughly mixed. 

40 [1274] On this occasion, only the aqueous silver nitrate solution was added in a first 1 1 -minute period after the start 
of addition thereof and, then, the sodium behenate solution was started to be added and only the sodium behenate 
solution was added in a last 14-minute-and-15 second period after the end of addition of the aqueous silver nitrate 
solution. At this time, a temperature in the reaction vessel was kept at 30"C and was controlled externally so as to 
keep the liquid temperature constant. 

45 [1275] A piping in a feeding system of the sodium behenate solution was heated by circulating hot water in an outer 
portion of a double pipe and controlled such that an outlet liquid temperature at the end of the feed nozzle was 75°C. 
Further, A piping in a feeding system of the aqueous sliver nitrate solution was cooled by circulating cold water in an 
outer portion of the double pipe. A point of addition of the sodium behenate solution and a point of addition of the 
aqueous silver nitrate solution were symmetrically arranged centered around a stirring axis and these points were 

50 adjusted high enough to prevent them from contacting the reaction solution. 

[1276] After completion of such an addition of the sodium behenate solution, the resultant mixture was allowed to 
stand for 20 minutes under stirring with a temperature thereof unchanged, and, then, the temperature was elevated to 
35'C over 30 minutes and, thereafter, ripened for 210 minutes. Immediately after completion of such ripening, a solid 
content was separated by centrifugal filtration and, then, rinsed with water until electric conductivity of a filtrate became 

55 30 nS/cm. Thus, a fatty acid silver salt was obtained. The thus-obtained solid content was stored in wet cake form 
without being dried. 

[1277] When a state of the thus-obtained silver behenate particles was observed by a microscopic photographing, 
the obtained silver behenate particles were found to be a scaly crystal having average values of a=0.14 ^m. b=0.4 ^m 
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and c=0.6 \im, an average aspect ratio of 5.2, an average sphere-equivalent diameter of 0.52 fim and a sphere-equiv- 
alent coefficient of variation of 15% (a, b and c being defined in this specification). 

[1 278] To the wet cake equivalent to dry weight of 260 kg, 1 9.3 kg of polyvinyl alcohol (trade name; "PVA-21 7°) was 
added and water was further added to make a total volume up to be 1000 kg and, then, the resultant mixture was 
changed into a slurry state by using a dissolver blade and, thereafter, preliminarily dispersed by using a pipeline mixer 
("PM-10"; available from MIzuho Industrial Co,. Ltd.). 

[1279] Next, such a preliminarily dispersed stock solution was dispersed three times by using a dispersion apparatus 
(trade name: "Micro Fluidizer-M-BIO"; available from Micro Fluidex International Corporation) equipped with a Z type 
interaction chamber under a pressure of 1260 kg/cm2, thereby to obtain a silver behenate dispersion. During the dis- 
persion, cooling operation was performed such that colled heat exchangers were attached each to an inlet and an 
outlet of the interaction chamber and a temperature of coolant was controlled to keep the dispersion temperature at 
18''C. 

Preparation of Reducing Agent Dispersion 
<Preparation of Reducing Agent-1 Dispersion> 

[1280] 10 kg of a reducing agent-1. that is, 6,6'-di-t-butyl-4,4'-dlmethyl-2,2'-butylldene diphenol and 16 kg of a 10 
mass% aqueous solution of a modified polyvinylalcohol ("Poval MP203"; available from Kuraray Co., Ltd.) were added 
with 10 kg of water and, then, mixed thoroughly to prepare a slurry. The thus-prepared slurry was fed by using a 
diaphragm pump to a lateral sand mill {•'UVM-2"; available from Aimex, Ltd.) filled with zirconia beads having an average 
diameter of 0.5 mm, dispersed for 3 hours and 30 minutes, added with 0.2 g of a benzolsothiazolinone sodium salt 
and water such that a concentration of the reducing agent was adjusted to be 25 mass%, thereby to obtain a reducing 
agent-2 dispersion. Reducing agent particles contained in the thus-obtained reducing agent dispersion were found to 
have a median diameter of 0.40 ^m and a maximum particle diameter of 1 .5 \irr\ or less. The obtained reducing agent 
dispersion was filtered through a polypropylene filter having a pore diameter of 3.0 jim to separate dust or other foreign 
matters and then stored. 

<Preparation of Hydrogen Bonding Type Compound-1 Dispersion> 

[1 281] 10 kg of a hydrogen bonding type compound-1 . that is, tri(4-t-butylphenyl)phosphine oxide and 1 6 kg of a 1 0 
mass% aqueous solution of a modified polyvinylalcohol ("Poval MP203"; available from Kuraray Co., Ltd.) were added 
with 10 kg of water and, then, mixed thoroughly to prepare a sluny. The thus-prepared slurry was fed by using a 
diaphragm pump to a lateral sand mill (''UVM-2"; available from Aimex, Ltd.) filled with zirconia beads having an average 
diameter of 0.5 mm, dispersed for 3 hours and 30 minutes, added with 0.2 g of a benzoisothiazollnone sodium salt 
and water such that a concentration of the reducing agent was adjusted to be 25 mass%, thereby to obtain a hydrogen 
bonding type compound-1 dispersion. Reducing agent particles contained in the thus-obtained reducing agent disper- 
sion were found to have a median diameter of 0.35 ^im and a maximum particle diameter of 1 .5 nm or less. The obtained 
hydrogen bonding type compound dispersion was filtered through a polypropylene filter having a pore diameter of 3.0 
^m to separate dust or other foreign matters and then stored. 

<Preparation of Deveiopment Acceierator-1 Dispersion> 

[1 282] 1 0 kg of a development accelerator-1 and 20 kg of a 1 0 mass% aqueous solution of a modified polyvinylalcohol 
(Poval M P203; available from Kuraray Co. , Ltd.) were added with 1 0 kg of water and, then, mixed thoroughly to prepare 
a sluny. The thus-prepared slurry was fed by using a diaphragm pump to a lateral sand mill (UVM-2; available from 
Aimex, Ltd.) filled with zirconia beads having an average diameter of 0.5 mm, dispersed for 3 hours and 30 minutes, 
added with 0.2 g of a benzolsothiazolinone sodium salt and water such that a concentration of the reducing agent was 
adjusted to be 20 mass%, thereby to obtain a development accelerator-1 dispersion. Reducing agent particles con- 
tained in the thus-obtained reducing agent dispersion were found to have a median diameter of 0.48 \im and a maximum 
particle diameter of 1 .4 ^m or less. The obtained reducing agent dispersion was filtered through a polypropylene filter 
having a pore diameter of 3.0 pjm to separate dust or other foreign matters and then stored. 

[1283] As for respective solid dispersions of a development accelerator-2, a development accelerator-3 and a color 
tone controlling agent-1 , dispersion operations were performed in a same manner as in the development accelerator- 
1 to obtain respective 20 mass% dispersions. 
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Preparation of Polyhaiogen Compound 

<Preparation of Orgar^ic Polyhaiogen Compound-1 Dispersion> 

5 [1 284] 1 0 kg of an organic polyhaiogen conripoun-1 , that is, tribronnomethane sulfonylbenzene, 1 0 kg of a 20 mass% 
aqueous solution of a modified polyvinylatcohol (Poval MP203; available from Kuraray Co., Ltd.) and 0.4 kg of a 20 
mass% aqueous solution of sodium thisopropyinaphthalene sulfonate were added with 1 4 kg of water and, then, mixed 
thoroughly to prepare a slurry. The thus-prepared slurry was fed by using a diaphragm pump to a lateral sand mill 
(UVM-2; available from Aimex, Ltd.) filled with zirconia beads having an average diameter off 0.5 mm, dispersed for 5 

10 hours, added with 0.2 g of a benzoisothiazolinone sodium salt and water such that a concentration of an organic 
polyhaiogen compound was adjusted to be 26 mass%, thereby to obtain an organic polyhaiogen compound-1 disper- 
sion. Organic polyhaiogen compound particles contained in the thus-obtained polyhaiogen compound dispersion were 
found to have a median diameter of 0,41 p^m and a maximum particle diameter of 2.0 \jjm or less. The obtained organic 
polyhaiogen compound dispersion was filtered through a polypropylene filter having a pore size of 3.0 p.m to separate 

IS dust or other foreign matters and then stored. 

<Preparation of Organic Polyhaiogen Compound-2 Dispersion> 

[1285] 1 0 kg of an organic polyhaiogen compound-2, that is, N-butyl-3-tribromomethane sulfonylbenzamide, 20 kg 
20 of a 10 mass% aqueous solution of a modified polyvinylalcohol (Poval l\/IP203; available from Kuraray Co., Ltd.) and 
0.4 kg of a 20 mass% aqueous solution of sodium triisopropyl naphthalene sulfonate were added to one another and, 
then, mixed thoroughly to prepare a slurry. The thus-prepared slurry was fed by using a diaphragm pump to a lateral 
sand mill (UVM-2; available from Aimex, Ltd.) filled with zirconia beads having an average diameter of 0.5 mm, dis- 
persed for 5 hours, added with 0.2 g of a benzoisothiazolinone sodium salt and water such that a concentration of an 
25 organic polyhaiogen compound was adjusted to be 30 mass%. The resultant dispersion was heated at 40''C for 5 hours 
to obtain an organic polyhaiogen compound-2 dispersion. Organic polyhaiogen compound particles contained in the 
thus-obtained polyhaiogen compound dispersion were found to have a median diameter of 0.40 p.m and a maximum 
particle diameter of 1 .3 ^m or less. The obtained organic polyhaiogen compound dispersion was filtered through a 
polypropylene filter having a pore size of 3.0 ^m to separate dust or other foreign matters and then stored. 

30 

<Preparation of Phthaiazine Compound- 1 Solution> 

[1286] 8 kg of a modified polyvinyl alcohol MP203 (available from Kuraray Co., Ltd.) was dissolved in 174.57 kg of 
water and, then, added with 3.15 kg of a 20 mass% aqueous solution of sodium triisopropylnaphthalene sulfonate and 
35 14.28 kg of a 70 mass% aqueous solution of a phthaiazine compound-1, that is, 6-isopropylphthalazine, thereby to 
prepare a 5 mass% solution of the phthaiazine compound-1 . 

Preparation of Mercapto Compound 

40 <Preparation of Mercapto Compound-I Aqueous Solution> 

[1287] 7 g of a mercapto compound-1 , that is, a 1 -(3-sufophehyl)-5-mercaptotetrazole sodium salt was dissolved in 
993 g of water to prepare a 0.7 mass% aqueous solution. 

45 <Preparation of hAercapto Compound-2 Aqueous Solution> 

[1 288] 20 g of a mercapto compound-2, that is, a 1 -(3-methylureido)-5-mercaptotetrazole sodium salt was dissolved 
In 980 g of water to prepare a 2.0 mass% aqueous solution. 

so <Preparation of Pigment- 1 Dispersion> 

[1289] 64 g of C. I. Pigment Blue 60 and 6.4 g of DEMOL-N (available from Kao Corporation) were added with 250 
g of water and, then, mixed thoroughly to prepare a slurry. The thus-prepared slurry was then fed into a vessel of a 
dispersion apparatus (1/4G Sand Grinder Mill; available from Aimex. Ltd.) together with 800 g of previously-prepared 
55 zirconia beads having an average diameter of 0.5 mm and, then, dispersed for 25 hours to obtain a pigment-1 disper- 
sion. Pigment particles contained in the thus-obtained dispersion were found to have an average particle diameter of 
0.21 ^m. 
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<Preparation ofSBR Latex Uquid> 

[1290] SBR latex having a Tg of 22*0 was prepared in such a manner as described below. 
[1291] 70.0 mass of styrene. 27.0 mass of butadiene and 3.0 mass of acrylic acid were emulsion-polymerized by 
using ammonium persulfate as a polymerization initiator and an anionic surfactant as an emulsifier and. then, ripened 
at SO-C for 8 hours. Thereafter, the resultant polymer solution was cooled down to 40''C, adjusted so as to have a pH 
of 7.0 by using ammonia water, added with Sandet-BL (available from Sanyo Chemical Industries) so as to attain a 
concentration of 0.22% and, then, further added with a 5% NaOH aqueous solution so as to adjust a pH of the solution 
to be 8.3 and, thereafter, with ammonia water so as to adjust a pH thereof to be 8.4, A molar ratio of Na+ ion: NH4+ 
ion was 1 : 2.3. Further, 0.15ml of a 7% aqueous solution of a bonzoisothiazolinnone sodium salt, based on 1 kg of the 
resultant solution, was added to the resultant solution, thereby to prepare an SBR latex liquid. 
SBR latex: -St(70.0)-Bu(27.0)-AA(3.0)-latex, Tg: 22'»C 

an average particle diameter 0.1 jim; a concentration: 43 mass%; an equilibrium water content at 25*'C, 60%RH: 
0.6 mass%; ion conductivity: 4.2 mS/cm (measured on a latex stock liquid (43 mass%) at25*C by using a conductom- 
eter CM-30S (available from Toa Electronics Ltd.); pH: 8.4. 

[1 292] An SBR latex having a different Tg can be prepared in a same manner as in the above-described preparation 
by appropriately changing a ratio of styrene and butadiene. 

<Preparation of Coating Liquid-I for Emulsion Layer (Photosensitive Layer)> 

[1293] 1000 g of the above-obtained fatty acid silver dispersion, 276 ml of water, 32.8 g of the plgment-1 dispersion, 
21 g of the organinc polyhalogen compound-1 dispersion, 58 g of the organinc polyhalogen compound-2 dispersion, 
173 g of the phthalazlne compound-1 solution, 1082 g of the SBR latex (Tg: 20°C) liquid; 155 g of the reducing agent- 
2 dispersion, 55 g of the hydrogen bonding type compound-1 dispersion, 6 g of the development acceIerator-1 disper- 
sion, 2 g of the development accelerator-2 dispersion, 3 g of the development accelerator-3 dispersion, 2 g of the color 
tone adjusting agent-1 dispersion, 9 ml of the mercapto compound-1 aqueous solution and 27 ml of the mercapto 
compound-2 aqueous solution were mixed in order of precedence and, then, 11 7 g of a silver halide mixed emulsion 
A was added to the resultant mixture Just before it was applied and, thereafter, thoroughly mixed to obtain a coating 
liquid for the emulsion layer which was then directly fed to a coating die and applied. 

[1294] Viscosity of the coating liquid for the emulsion layer was measured by using a B type viscometer (available 
from Tokyo Keiki K.K.) at 40°C (with No. 1 rotor at 60 rpm) and found to be 40 mPa-s. 

[1295] Viscosities of the coating liquid measured under shearing velocities of 0.1 , 1 , 10, 100 and 1 ,000 (1 /second) 
at 25°C by using RFS Fluid Spectrometer (available from Rheometrix Far East Inc.) were 530, 144, 96, 51 and 28 
mPa s, respectively. 

[1296] A quantity of zirconium in the coating liquid was 0.25 mg based on 1 g of silver. 
<Preparation of Coating Liquid for Intermediate Layer for Emulsion Surface> 

[1 297] A coating liquid for an intemnediate layer was prepared by mixing 1 000 g of polyvinyl alcohol PVA-205 (avail- 
able from Kuraray Co., Ltd.), 272 g of a 5 mass% of a pigment, 4200 ml of a 19 mass% liquid of methyl methacrylate/ 
styrene/ butyl acrylate/hydroxyethyl methacrylate/acrylic acid copolymer (copolymerization ratio by mass of 
64/9/20/5/2) latex and 27 ml of a 5 mass% aqueous solution of Aerosol OT (available from American Cyanamide 
Corporation), 135 ml of a 20 mass% aqueous solution of diammonium phthalate and, then, the thus-prepared coating 
liquid was added with water to make a total quantity thereof up to 10000 g and, thereafter, adjusting a pH of the thus- 
made up coating liquid to be 7.5 by NaOH. Then, the thus-prepared coating liquid for the intemiediate layer was fed 
to a coating die so as to attain a coating amount of 9.1 ml/rri^. 

[1298] Viscosity of the coating liquid measured at 40*'C using a B type viscometer (with No. 1 rotor at 60 rpm) was 
58 mPa-s. 

<Preparation of Coating Liquid for First Layer of Protective Layer for Emulsion Surface> 

[1299] 64 g of inert gelatin was dissolved in water and, then, added to the resultant solution were 80 g of a 27.5 
mass% solution of methyl methacrylate/styrene/butylacrylate/hydroxyethyl methacrylate/acrylic acid copolymer (copo- 
lymerization ratio by mass of 64/9/20/5/2) latex. 23 ml of a 10 mass% methanol solution of phthalic acid, 23 ml of a 1 0 
mass% aqueous solution of 4-methyl phthalic acid, 28 ml of a 0.5 mol/L concentration of sulfuric acid, 5 ml of a 5 
mass% aqueous solution of Aerosol OT (available from American Cyanamide Corporation), 0.5 g of phenoxy ethanol 
and 0.1 g of benzoisothiazolinone, and, then, a total weight of the resultant coating liquid was made up to 750 g by 
adding water, thereby to prepare a coating liquid. The thus-prepared coating liquid was mixed with 26 ml of a 4 mass% 
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chrome alum solution by using a static mixer immediately before the coating and fed to a coating die so as to attain a 
coating amount of 18.6 ml/m^. 

[1300] Viscosity of the coating liquid measured at 40**C by using a B type viscometer (with No. 1 rotor at 60 rpm) 
was 20 mPa-s. 

5 

<Preparation of Coating Liquid for Second Layer of Protective Layer for Emuision Surface> 

[1301] 80 g of inert gelatin was dissolved in water and, then, added to the resultant solution were 102 g of a 27.5 
mass% solution of methyl methacrylate/styrene/butylacrylate/hydroxyethyl meth aery late/acrylic acid copolymer (copo- 

10 lymerization ratio by mass of 64/9/20/5/2) latex, 3.2ml of a 5 mass% solution of the fluorinated surfactant (F-1; N- 
perfluorooctylsulfonyl-N-propylalanine potassium salt), 32 ml of a 2 mass% aqueous solution of the fluorinated sur- 
factant (F-2: polyethylene glycol mono(N-perfluorooctylsuIfonyl-N-propyl-2-aminoethyl) ether [average degree of po- 
lymerization of ethylene oxide: 15), 23 ml of a 5 mass% solution of Aerosol OT (available from American Cyanamide 
Corporation), 4 g of polymethylmethacrylate fine particles (average particle diameter: 0.7 ^im), 21 g of polymethylmeth- 

is acrylate fine particles (average particle diameter 4.5 jtm), 1 .6 g of 4-methylphthalic acid, 4.8 g of phthalic acid, 44 ml 
of a 0.5 mol/L concentration of sulfuric acid and 1 0 mg of benzoisothlazolinone, and, then, a total weight of the resultant 
coating liquid was made up to 650 g by adding water, thereby to prepare a coating liquid. The thus-prepared coating 
liquid was mixed with 445 ml of an aqueous solution containing 4 mass% of chrome alum solution and 0.67 mass% of 
phthalic acid by using a static mixer immediately before the coating and fed to a coating die so as to attain a coating 

20 amount of 8.3 ml/m^. 

[1302] Viscosity of the coating liquid measured at 40''C by using a B type viscometer (with No. 1 rotor at 60 rpm) 
was 1 9 mPa-s. 

<Preparation of Photothermographic Materiai-1> 

25 

[1303] On a back surface side of the above-described undercoated support, a coating liquid for an anti-halation layer 
and a coating liquid for a back surface protective layer were simultaneously applied in a stacked manner such that 
coating quantities of gelatin became 0.44 g/m^ and 1 .7 g/m^, respectively and, then, dried to prepare a back surface 
layer. 

30 [1304] On a surface opposite to the back surface, an emulsion layer, an intemnediate layer, a first layer of a protective 
layer and a second layer of the protective layer were simultaneously coated in a stacked manner in this order as viewed 
from an undercoated surface by using a slide bead application method and dried, thereby to obtain a sample of the 
photothemnographic material. At this time, temperatures of the emulsion layer and the Intermediate layer were adjusted 
to be 31 °C, while temperatures of the first layer of the protective layer and the first layer of the protective layer were 

35 adjusted to be 36° C and 37°C, respectively. 

[1305] Coated quantities (g/m^ of respective compounds in the emulsion layer are as follows: 



silver behenate 


5.55 


pigment (C. 1. Pigment Blue 60) 


0.036 


polyhalogen compound-1 


0.12 


polyhalogen compound-2 


0.37 


phthalazine compound-1 


0.19 


SBR latex 


9.97 


reducing agent-1 


0.81 


hydrogen bonding type compound-1 


0.30 


development accelerating agent-1 


0.024 


development accelerating agent-2 


0.010 


development accelerating agent-3 


0.015 


color tone adjusting agent-1 


0.010 


mercapto compound-1 


0.002 


mercapto compound-2 


0.012 


silver halide (in terms of Ag) 


0.091 



55 

Coating and drying conditions are as follows: 

[1306] Coating was perfonmed at a speed of 1 60 m/min while keeping a gap between an end of a coating die and a 
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support to be from 0.1 0 mm to 0.30 mm and keeping a pressure in a reduced pressure chamber lower by from 1 96 Pa 
to 882 Pa than the atmospheric pressure. The support was blown with ion wind before the coating to cancel electricity. 
[1307] Next, the coated liquid was cooled in a chilling zone by blowing wind having a dry-bulb temperature of from 
1 0^C to 20*^0 and, then, transfen-ed in a non-contact type manner and, thereafter, dried by a drying wind having a dry- 
5 bulb temperature of from 23*0 to 45*C and a wet-bulb temperature of from 1 S^C to 21 'C In a helical non-contact type 
drying apparatus. 

[1308] After the coating liquid was dried, the thus-dried coating liquid was conditioned at 25°C, from 40 %RH to 60 
%RH and, then, a surface of the resultant layer was heated up to from 70'C to 90°C and, subsequently, cooled down 
to 25*C. 

10 [1 309] A degree of matting expressed by Beck smoothness of the thus-prepared photothermographic material was 
found to be 550 seconds for the photosensitive layer side and 130 seconds for the back surface side. Further, a pH of 
the layer surface on a photosensitive layer side was measured and found to be 6.0. 

[131 0] Chemical structures of compounds used In embodiments according to the invention are shown below. 
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Spectral sensitizing dye A 
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Spectral sensitizing dye B 
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Tellurium sensitizer C 
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Basic precursor compound-l 

)3-NHC2H4NH— q 
C2H5-N N-C2H5 
H H 



Cyanine dye compound-l 
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Ye I low dye compound-l 





Polyhalogen compound-l Polyhalogen coinpound-2 

CONHC4H9 




SOaCBra 




SOzCBrs 



Mercapto compound-l Mercapto coinpound-2 

N-N 




-SOaNa ^ ^NHCONHCHg 
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Phthalazine compound-1 Development accelerator-1 




Development accelerator-2 Development acceierator-S 




Color tone adjusting agent-1 




[131 1] The obtained sample was cut into a half-cut size, packaged by a packaging material described below under 
an atmosphere of 25**C and 50% RH and stored at normal temperature for 2 weeks. 

Packaging Material 

[1312] PET: 10 jim/PE: 12 nm/aluminum foil: 9 jun/Ny: 15 ^m/polyethylene containing 3% of carbon: 50 ^im; 
oxygen permeability: 0.02 ml/atm-m2.25*'C-day; and water permeability: 0.10 g/atm-m2.25''C-day. 

<Preparation of ptiotothermographic materialS'2 to -S> 

[1313] Silver halide emulsions-2 and -3 each having a uniform halogen composition as shown in Table 1 were pre- 
pared in a same manner as in preparation of silver halide emulsion 1 by changing respective halogen compositions to 
be added. 

[1314] Silver halide having an average sphere-equivalent diameter of 0.040 ^.m as a particle size was prepared by 
changing a temperature at the time of particle fomiation. 
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[1315] The photothermographic materlals-2 to -8 were prepared in a same manner as in the photothemiographic 
material-1 except that compounds expressed by a general fomnula (1) were changed as shown in Table 1 . 

<Evatuation of Photothermographic Materia!> 

[1316] The obtained samples were exposed by Fuji Medical Dry Laser Imager "FM-DPL" (equipped with a 660-nm 
semiconductor laser device having a maximum output of 60 mW (II IB)) and themnally developed for 1 4 seconds in total 
by 4 panels constituting a panel heater in which respective temperatures were set to be 112*'C, 119*'C, 121*0 and 
121**C, respectively. 

Evaluation of Samples 

[1317] Density measurements were perfomned on the obtained samples by using a densitometer to construct a 
characteristic curve of density against a logarithm of an exposure amount. An optical density of an unexposed portion 
was defined as fog and a reciprocal number of an exposure amount which can obtain an optical density of 3.0 was 
defined as sensitivity which was shown as a relative value when the sensitivity of the photothermographic material 1 
was taken as 1 00. Further, an average contrast of an optical density of 1 .5 and an optical density of 3.0 was measured. 
The results are shown in Table 1 . 

Evaluation of Print-out Performance 

[1 31 8] The photothennographic material which has been subjected to development processing was left to stand in 
a room at 25''C and 60% RH under a fluorescent lamp of 1 00 luxes for 30 days. A difference of a fog density just after 
the development processing and a fog density after such a 30-day left-over was defined as a print-out performance. 
It is preferable that the fog Is Increased to a small extent even after such left-over under these conditions. The results 
are shown in Table 1 . 
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[1319] As is apparent from Table 1 , it was found that the photothennographic materia! of the first embodiment ac- 
cording to the Invention Is excellent in print-out properties such that it has a high sensitivity, a low fog and a favorable 
gradation. 

5 Example 2 

<Preparation of Silver Halide Emulsion 4> 

[1320] To 1,421 ml of water, added were 4.3 ml of a 1 mass% potassium iodide solution, 3.5 ml of a 0.5 mol/L 
10 concentration of sulfuric acid and 36.7 g of phthalized gelatin; while the resultant liquid was kept stirring In a stainless- 
steel reaction vessel at a liquid temperature of 42^0, was added thereto an entire volume of a solution A in which 22.22 
g of silver nitrate was diluted by distilled water to be 1 95.6 ml and a solution B In which 21 .8 g of potassium Iodide was 
diluted by distilled water to be 218 ml at a constant flow rate over 9 minutes. 

[1321] Thereafter, the resultant solution was added with 10 ml of a 3.5 mass% aqueous hydrogen peroxide solution 
*5 and, further, with 10.8 ml of a 10 mass% aqueous solution of benzolmidazole. Further, was added thereto an entire 

volume of a solution C in which 30.64 g of silver nitrate was diluted with distilled water to be 187.6 ml and a solution 

D in which 40.0 g of potassium bromide was diluted with distilled water to be 400 ml such that an entire volume of the 

solution C was added thereto at a constant flow rate over 12 minutes and the solution D was added by a controlled 

double jet method while pAg thereof is kept at 8.1 . 
20 [1322] Thereafter, was added thereto a solution E in which 22.2 g of silver nitrate was diluted with distilled water to 

be 130.0 ml and a solution Fto In which 21 .7 g of potassium iodide was diluted with distilled water to be 217 ml by a 

controlled double jet method while a pAg is kept at 6.3. 

[1323] Further, added thereto was an entire volume of potassium hexachloroiridate(lll) 1 0 minutes after the solution 
C and the solution D started to be added so as to attain a concentration of IXIO--* mol/mol of Ag. Furthennore, an 
25 entire volume of 3X1 0*^ mol/mol of Ag of an aqueous solution of potassium iron (II) hexacyanate was added thereto 
5 seconds after completion of such an addition of the solution C. 

[1 324] Thereafter, a pH of the resultant mixture was adjusted to be 3.8 by using a 0.5 mol/L concentration of sulfuric 
acid, stining was stopped and the resultant mixture was subjected to sedlmentation/desalting/rinsing operations. Then, 
the pH of the mixture was adjusted to be 5.9 by using a 1 mol/L concentration of sodium hydroxide to prepare a silver 

30 halide dispersion having a pAg of 8.0. 

[1325] While the thus-prepared silver halide dispersion was kept stirring at 38°C, the dispersion was added with 5 
ml of a 0.34 mass% methanol solution of 1 .2-ben2isothiazolin-3-one and, one minute after the above addition, a tem- 
perature of the resultant dispersion was raised to 47*'C. 20 minute after such temperature raising, the resultant disper- 
sion was added with a methanol solution of sodium benzene thiosulfonate in an amount of 7.6X10*5 mol/mol of Ag 

35 and. further. 5 minutes after such an addition, added with a methanol solution of a tellurium sensitizer B in an amount 
of 2.9X10-4 mol/mol of Ag and, then, ripened for 91 minutes. 

[1326] Thereafter, the resultant dispersion was added with 1 .3 ml of a 0.8 mass% methanol solution of N,N'-dihy- 
droxy-N"-diethylmelamine and, further 4 minutes after such an addition, added with a methanol solution of 5-methyl- 
2-mercaptobenzoimidazole in an amount of 4.8X10^3 mol/mol of Ag, a methanol solution of 1-phenyl-2-heptyl-5-mer- 
40 capto-1 ,3,4-triazole in an amount of 5.4X10*3 mol/mol of Ag and an aqueous solution of a mercapto compound-2 in 
an amount of 1 ,5X10*2 mol/mol of Ag to obtain a silver halide emulsion 1 . 

[1327] Particles contained in the thus-prepared silver halide emulsion were pure silver iodide particles having an 
average sphere-equivalent diameter of 0.042 ^m and a sphere-equivalent coefftelent of variation of 18%. On this oc- 
casion, a particle size and the like were detenmlned based on an average of 1000 particles under an electron micro- 
45 scopic observation. 

<Preparation of Silver Halide Emulsions 5to 17> 

[1 328] Silver halide emulsions 5 to 1 7 each having a halogen structure as shown in Table 2 were prepared in a same 
so manner as in < Preparation of Silver Halide Emulsion 4> except for a step of changing halogen compositions of the 
solutions B, 0 and F. 

[1329] The silver halide was formed such that It has an average sphere-equivalent diameter of 0.04 ^m as a particle 
size. 

55 <Preparatior} of Silver Halide Emulsions 18 to 21 > 

[1330] Emulsions in each of which particles were formed in a same manner as in <Preparation of Silver Halide 
Emulsion 9> were added with an aqueous solution of potassium iodide such that they have respecth^e average iodine 
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compositions as shown in Table 2 and, then, subjected to sedimentation/desalting/rinsing operations to prepare silver 
halide emulsions 18 and 19. Silver halide emulsions 20 and 21 as shown in Table 2 were also prepared in a same 
manner as in <Preparation of Silver Halide Emulsion 6>. 

[1 331 ] Among these silver halide emulsions 6 to 21 , emulsions which have a crystal structure of silver halide structure 
5 had an intense light absorption by direct transition. 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



211 



EP 1 308 776 A2 



IS 



20 



25 



35 



40 



45 



50 



55 



3 



o p 



1 



^ CO 

o 



CO 

c 
o 

CO 



G 

c 

o ^ 

.S 
o 



CO 



a 

o , . 

O ^ 

a 
o 



(5-gg 



r 

fi:i 



00 



o o 

CO 



e 

c 
o 



o 



o 
2 



00 



CM 



00 



O 

CO 



o 



o 



o 
o 



o 



73 

o 

s 

c 

G 
o 
o 



o 

J3 



c 

.2 

u 

c 
o 

o 



o 



c 
o 

'« 
G 

o 
O 



c 
o 

u 

g 

o 
O 



o 
o 



o 
o 



o 



CO 



vO 



00 



o 

CN 



212 



EP 1 308 776 A2 



<Preparation of Photothermographic Materials-9 to -31 > 

[1332] Photothermographic materials-9 to -31 as shown In Table 3 were prepared In a same manner as in <Prepa- 
ratlon of Photothermographic Materials-1 > of Example 1 while compounds expressed by the general formula (1) are 
5 same as those in the photothermographic material-1 . 

[1333] The thus-prepared photothemiographic materials were evaluated in such a manner as described below. 

Exposure of Photothermographic material 

10 [1334] The photothemiographic materials obtained In Example 2 were subjected to exposure processing in such a 
manner as described below. 

[1 335] The photothermographic materials were exposed for 1 0'^ second by Fuji Medical Dry Laser Imager "FM-DPL" 
equipped with a semiconductor laser device "NLHV3000E" (available from Nichia Corporation) as a semiconductor 
laser beam supply in an exposure portion thereof while illuminance of laser beams on a surface of the photothermo- 
15 graphic materials is allowed to change from 0 and 1 mW/mm^ to 1 000 mW/mm^ by stopping down a beam diameter. 
An emission wavelength of the laser beanns was 405 nm. 

Development of Photothermographic Material 

20 [1336] The thus-exposed photothermographic materials were subjected to thermal development processing In such 
a manner as described below. 

[1337] In a thermal development portion of Fuji Medical Dry Laser Imager "FM-DPL", temperatures of 4 panels which 
constitute a panel heater were set to be 112*'C, IIO^C, 110*»C and 110*'C, respectively, and, then, the thermal devel- 
opment was performed such that a total themnal development time becomes 14 seconds by increasing a film transfer 
25 speed. 

[1338] Evaluations of samples was performed in a same manner as in Example 1 and the results thereof are shown 
in Table 3. 
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[1 339] As is apparent from Table 3, it was found that the photothemr^ographic materials according the invention shows 
an excellent perfonnance also by a blue color laser exposure. 

Example 3 

[1340] Pure silver halide emulsion 22 having an average particle size of 1 00 nm was prepared in a same manner 
as in <Preparation of Silver Halide Emulsion 4> of Example 2 except for a step of changing temperatures at the time 
of fomiing particles. Photothermographic materials 32, 33 and 34 as shown in Table 4 were prepared in a same manner 
as in the photothermographic material 9 of Example 2 except for a step of changing a quantity to be applied of the 
pure silver halide emulsion 22. 

[1341] Photographic evaluations were performed In a same manner as In Example 2. On this occasion, a maximum 
optical density of samples after subjected to thennal development processing was designated as Dmax. The results 
are shown In Table 4. 
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[1342] As is apparent from Table 4, when an average particle size of the silver Iodide emulsion was as low as 100 
Dm, the silver iodide emulsion can not attain a sufficient sensitivity, thereby to decrease Dmax. Ordinarily, since ab- 
sorption of a silver halide Is proportional to a third power of an average particle size, as a silver halide becomes larger 
in size, the silver halide is considered to have a higher sensitivity; however, it is not always true with a high silver iodide 
type emulsion according to the invention, 

[1343] It is preferable that, by allowing the average particle size to be small, sensitivity is rather enhanced when a 
particle size Is taken Into consideration and, at the same time. Dmax is also enhanced. 

Example 4 

[1 344] A pure silver iodide emulsion 23 having an average particle size of 70 nm and a coefficient of variation of 8% 
was prepared in a same manner as In <Preparation of Silver Halide Emulsion 4> of Example 2 except for a step of 
elevating a temperature at the time of fomriing particles. In like manner, by changing temperatures at the time of forming 
particles, a pure silver iodide emulsion 24 having an average particle size of 28 nm and a coefficient of variation of 
12% was prepared. 

[1345] A photothermographic material 35 was prepared in a same manner as in Example 2 except that a mixture of 
the silver halide emulsions 4, 23 and 24 at a mixing ratio of 60:1 5:25 was added instead of the silver halide emulsion 
4 in the photothemiographic materiaI-9. When same evaluations were performed as in Example 2, a favorable result 
was obtained. An average contrast of the photothemiographic material 35 was 2.7. 

[1 346] In like manner, a photothermographic material 36 was prepared by mixing the silver halide emulsion 1 2 and 
the silver halide emulsion 23 at a mixing ratio of 85:1 5. Same evaluations as in Example 2 were performed A favorable 
result was obtained. 

[1347] Thus, the silver halide emulsions according to the first embodiment of the Invention can be used by being 
mixed with each other at an arbitrary mixing ratio. 

Example 5 

[1348] Silver halide emulsions 25 to 42 were prepared in a same manner as in <Preparation of Silver Halide Emul- 
sions 4 to 21 > of Example 2 except that. 3 minutes after the addition of the tellurium sensitizer, potassium iodooleate 
and potassium thiocyanate were added in amounts of 5X10-4 mol/mol of Ag and 2X1 0-3 mol/mol of Ag, respectively 
[1 349] By using these emulsions, photothemiographic materials 37 to 54 were prepared in a same manner as in the 
photothemiographic material 9 of Example 2. As a result of perfonning same evaluations as those in Example 2 a 
favorable result that sensitivity was enhanced twofold while fog and print-out performances were not deteriorated was 
obtained. 

Example 6 

[1 350] A photothermographic material 55 was prepared in a same manner as In the photothermographic material 9 
except that fluorine-type surfactants F-l , F-2, F-3 and F.4 in the protective layer for the back surface and the protective 
layer for the emulsion surface in the photothermographki material 9 of Example 2 were changed into F-5, F-6, F-7 and 
F-8. 

[1351] When evaluations were performed in a same manner as In Example 2, a same favorable result as in the 
photothermographic material 9 was obtained. 



F-1 CBFiTSOa-ljJ-CHgCOOK 
C3H7(n) 



F-2 C8Fi7S02-ljl-CH2CH20-(CH2CH20)n-H 

^H7(n) n=15 (average) 
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F-3 C8F17SO2— (CH2CH20)4(CH2)4S03Na 
C3H7(n) 

F-4 CaF^SOgK 

F-5 CFg— (CF2)„— CHaCHaSCHaCHaCOaLi 
mixture of n=S to 11 

F-6 CF3— (CFa)^— CHaCHaO-CCHaCHaO)^— H 
mixture of n=5 to 11 , m=5 to 15 



F-7 



(pHaCOOCeHir 
Na03S-CHCOOCH2CH2C4F9 



F-8 




Chemical formula (1-1) 



Chemical formula (1-2) 



N-N 



N-N 
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Chemical formula (1-3) 




SNa 



CH3 

NHCO(CH2)2-N CH 

Jn^ COONa 




HO 



[1352] According to the present invention, the first embodiment of the photothennographic material, comprising a 
high silver Iodide type photothennographic material, which has a high sensitivity and a high image quality, and a thermal 
development method using the photothennographic material can be provided. 

-Examples of Twelfth Embodiment- 

[1353] Next, a twelfth embodiment of a photothermographlc material according to the present invention will be ex- 
plained in more detail with reference to examples. However, the invention is by no means limited to these examples. 



Preparation of Polyethylene terephthalate (PET) Support and Surface Corona Treatment 

[1354] A polyethylene terephthalate (PET) support was prepared in a same manner as in Example 1 in the first 
embodiment of the photothemiographic material according to the invention and the surface corona treatment was 
perfomied on the support in a same manner as In Example 1 . 

Preparation of Undercoated Support 

[1355] An undercoated support was prepared in a same manner and under same conditions as in Example 1 . 

Preparation of Coating Uquid for Bade Surface 

Preparation of Solid Fine Particle Dispersion (a) of Basic Precursor 

[1356] A solid fine particle dispersion (a) of basic precursor was prepared in a same manner and under same con- 
ditions as in Example 1 . 

Preparation of Solid Fine Particle Dispersion of Dye 

[1357] A solid fine particle dispersion of dye was prepared in a same manner and under same conditions as in 
Example 1 . 

Preparation of Coating Uquid for Anti-halation Layer 

[1358] A coating liquid for an anti-halation layer was prepared in a same manner and under same conditions as in 



Example 7 



Example 1 . 
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Preparation of Coating Liquid for Protective Layer for Back Surface 

[1359] A coating liquid for a protective layer for a back surface was prepared in a sanne manner and under same 
conditions as in Example 1 . 

5 

Preparation of Silver Haiide Emulsion 

<Preparatton of Silver Haiide Emulsion 1a> ^ 

10 [1360] To 1 ,421 ml of water, added were 3.1 ml of a 1 mass% potassium bromide solution, 3.5 ml of a 0.5 mol/L 
concentration of sulfuric acid and 36.5 g of phthalized gelatin; while the resultant liquid was kept stirring in a stainless- 
steel reaction vessel at a constant liquid temperature of SCC, was added thereto an entire volume of a solution A in 
which 22.22 g of silver nitrate was diluted with distilled water to be 95.4 ml and a solution B in which 1 5.3 g of potassium 
bromide and 0.8 g of potassium Iodide were diluted with distilled water and made up to be 97.4 ml at a constant flow 

15 rate over 45 seconds. Thereafter, the resultant solution was added with 10 ml of a 3.6 mass% aqueous hydrogen 
peroxide solution and, further, with 10.8 ml of a 10 mass% aqueous solution of benzolmldazole. Further, was added 
thereto an entire volume of a solution C in which 51 .86 g of silver nitrate was diluted with distilled water to be 31 7.5 ml 
and a solution D in which 44.2 g of potassium bromide and 2.2 g of potassium iodide were diluted with distilled water 
to be 400 ml such that an entire volume of the solution C was added thereto at a constant flow rate over 20 minutes 

20 and the solution D was added by a controlled double jet method while pAg thereof is kept at 8.1 . At the point of time 
when the pH of the resultant mixture was adjusted to be 3.8 by using a 0.5 mol/L concentration of sulfuric acid, stirring 
is stopped and the resultant mixture was subjected to sedimentation/desalting/rinsing operations. Thereafter, the pH 
of the mixture was adjusted to be 5.9 by using a 1 mol/L concentration of sodium hydroxide to prepare a silver haiide 
dispersion having a pAg of 8.0. 

25 [1361] Subsequently, while the thus-prepared silver haiide dispersion was kept stirring at 38**C, the dispersion was 
added with 5 ml of a 0.34 mass% methanol solution of 1 ,2-ben2lsothlazolln-3-one and, 20 minutes after such an ad- 
dition, a temperature of the resultant dispersion was raised to 47°C. 20 minute after such temperature raising, the 
resultant dispersion was added with a methanol solution of sodium benzene thiosulfonate in an amount of 7.6X10*5 
mol/mol of Ag and, further, 5 minutes after such an addition, added with a methanol solution of a tellurium sensitizer 

30 c In an amount of 3.5X1 0"* mol/mol of Ag and, then, ripened for 91 minutes. The thus-ripened mixture was added with 
a methanol solution of mixture of a spectra! sensitizing dye A and a spectral sensitizing dye B at a mixing ratio of 3:1 
In an amount of 1 .4X10*3 mol/mol of Ag as a total of the sensitizing dyes A and B. 5 minutes after such an addition, 
the resultant dispersion was added with 1 .3 ml of a 0.8 mass% methanol solution of N ,N'-dihydroxy-N''-diethylmelamlne 
and, 4 minutes after such an addition, added with an aqueous solution of m-methyIureido-3-phenyl-2-mercapto- 

35 1 ,3,4,5-tetra2ole in an amount of 1 .3X1 0-2 mol/mol of Ag to obtain a silver haiide emulsion 1 a. 

[1 362] Particles contained In the thus-prepared silver haiide emulsion 1 a were silver iodobromide particles unifomnly 
containing 3.5 mol% of iodine having an average sphere-equivalent diameter of 40 nm and a sphere-equivalent coef- 
ficient of variation of 20%. On this occasion, a particle size and the like were detennined based on an average of 1 000 
particles under an electron microscopic observation. Such a particle had a {1 00) face proportion of 80% as determined 

40 by a Kubelka-Munk method. 

<Preparation of Silver Haiide Emulsions 2a> 

[1363] A silver haiide emulsion 2a was prepared in a same manner as In the silver haiide emulsion 1a except that 
45 the liquid temperature of 30^*0 at the time of fomning particles in preparation of the silver haiide emulsion 1a was 
changed into that of 35''C and quantities of potassium bromide and potassium iodide were adjusted such that silver 
Iodobromide particles unifomnly contains 50 mol% of iodine. Particles contained in the thus-prepared silver haiide 
emulsion 2 were such particles as have an average sphere-equivalent diameter of 40 nm and a sphere-equivalent 
coefficient of variation of 20%. Such a particle had a {1 00) face proportion of 82% as determined by the Kubelka-Munk 
so method. A portion having a crystal structure of silver iodide had a light absorption by direct transition. 

<Preparation of Silver Haiide Emulsion 3a> 

[1364] A silver haiide emulsion 3a was prepared in a same manner as in the silver haiide emulsion la except that 
55 the liquid temperature of SO'C at the time of fonning particles In preparation of the silver haiide emulsion la was 
changed into that of 39''C and quantities of potassium bromide and potassium iodide were adjusted such that silver 
Iodobromide particles unifomnly contains 85 mor/o of Iodine. Particles contained In the thus-prepared silver haiide 
emulsion 3 were such particles as have an average sphere-equivalent diameter of 42 nm and a sphere-equivalent 
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coefficient of variation of 20%. Such a particle had a {1 00) face proportion of 81 % as determined by the Kubelka-Munk 
method. A portion having a crystal structure of silver iodide had a light absorption by direct transition. 

<Preparation of Silver Haiide Emulsion 4a> 

[1 3651 When particles were prepared, such changes as described below were made in the preparation of silver haiide 
emulsion la. 

[1366] To 1 ,420 ml of distilled water, added were 4.3 ml of a 1 mass% potassium Iodide solution, 3.5 ml of a 0 5 mol/ 
L concentration of sulfuric acid and 36.5 g of phthalized gelatin; while the resultant liquid was kept stirring in a stainless- 
steel reaction vessel at a constant liquid temperature of 42»C. was added thereto an entire volume of a solution A In 
which 22.22 g of silver nitrate was diluted with distilled water to be 1 95.4 ml and a solution B in which 21 .8 g of potassium 
iodide was diluted with distilled water to be 218 ml at a constant flow rate over 9 minutes. Thereafter, the resultant 
solution was added with 1 0 ml of a 3.5 mass% aqueous hydrogen peroxide solution and, further, with 1 0 8 ml of a 1 0 
mass% aqueous solution of benzolmidazole. Further, was added thereto an entire volume of a solution C in which 
51 .86 g of silver nitrate was diluted with distilled water to be 31 7.5 ml and a solution D in which 60 g of potassium 
iodide was diluted with distilled water to be 600 ml such that an entire volume of the solution C was added thereto at 
a constant flow rate over 120 minutes and the solution D was added by a controlled double jet method while a pAg 
thereof is kept at 8.1 . A silver haiide emulsion 4a was prepared in a same manner as in the silver haiide emulsion la 
except for the above-described changes. Particles contained in the thus-prepared silver haiide emulsion 4a were pure 
silver iodide particles that have an average sphere-equivalent diameter of 41 nm and a sphere-equivalent coefficient 
of vanation of 18%. Such a particle had a {100} face proportion of 81% as determined by the Kubelka-Munk method 
A portion having a crystal structure of silver iodide had a light absorption by direct transition. 

<PrBpamtion of Silver Haiide Emulsions 5a to 26a> 

[1367] In the preparation of silver haiide emulsions la to 4a. an aqueous solution of metal complex was previously 
added to the solution C such that a concentration as shown in Table 5 is prepared and, then, the resultant solution C 
and the solution D were added to form particles whereupon silver haiide emulsions 5a to 26a were obtained 
[1368] A halogen composition, a quantity of the aqueous solution of the metal complex to be added and affirmative 
or negative (Yes or No) of direct transition absorption of a photosensitive silver haiide are shown in Table 5 
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<Preparation of Emulsion for Coating Uquid> 

[1369] The silver halide emulsions 1 a to 26a were dissolved and, then, added with a 1 mass% aqueous solution of 
benzothiazoliunn Iodide in an annount of 7X10-3 mol/moi of Ag. Subsequentiy, the resultant emulsion was added water 
5 such that a content of silver halide becomes 38.2 g in temis of silver per kg of the emulsion for coating liquid for an 
emulsion layer. 

<Preparation of Fatty Acid Silver Dispersion A> 

10 [1370] 87.6 kg of behenic acid (trade name: "EdenorC22-85R"; available from Henkel Corporation), 423 L of distilled 
water, 49.2 L of a 5 mol aqueous NaOH solution and 1 20 L of t-butyl alcohol were mixed and, then, the resultant mixture 
was stirred at 75°C forone hour to allowthe mixture to react, thereby to obtain a sodium behenate solution A. Separately, 
206.2 L (pH 4.0) of an aqueous solution containing 40.4 kg of silver nitrate was prepared and kept at 1 0**C. A reaction 
vessel containing 635 L of distilled water and 30 L of t-butyl alcohol was kept at 30°C and, then, was added with an 

IS entire volume of the sodium behenate solution A and an entire volume of the aqueous sih/er nitrate solution at constant 
flow rates over 93 minutes and 15 seconds and over 90 minutes, respectively. On this occasion, only the aqueous 
silver nitrate solution was added in a first 11 -minute period after the start of the addition thereof and, then, the sodium 
behenate solution A was started to be added and only the sodium behenate solution A was added in a last 14-minute- 
and-1 5 second period after the end of addition of the aqueous silver nitrate solution. At this time, a temperature in the 

20 reaction vessel was kept at 30° C and was controlled externally so as to keep the liquid temperature constant. Further, 
a piping in a feeding system of the sodium behenate solution A was heated by circulating hot water in an outer portion 
of a double pipe and controlled such that an outlet liquid temperature at the end of the feed nozzle was 75'»C. Further, 
A piping in a feeding system of the aqueous silver nitrate solution was cooled by circulating cold water in an outer 
portion of the double pipe. A point of addition of the sodium behenate solution A and a point of addition of the aqueous 

25 silver nitrate solution were symmetrically arranged centered around a stirring axis and height of these points was 
adjusted so as to prevent them from contacting the reaction solution. 

[1 371 ] After completion of the addition of the sodium behenate solution A, the resultant mixtu re was allowed to stand 
for 20 minutes under stinging with a temperature thereof unchanged, and, then, the temperature was elevated to 35°C 
over 30 minutes and, thereafter, the mixture was ripened for 210 minutes. Immediately after completion of such ripening, 
30 a solid content was separated by centrifugal filtration and, then, rinsed with water until electric conductivity of a filtrate 
became 30 ^S/cm. Thus, a fatty acid silver salt was obtained. The thus-obtained solid content was stored in wet cake 
form without being dried. 

[1372] When a state of the thus-obtained silver behenate particles was observed by a microscopic photographing, 
the obtained silver behenate particles were found to be a scaly crystal having average values of a=0.14 jim, b=0.4 ^m 
35 and c=0.6 p.m, an average aspect ratio of 5.2, an average sphere-equivalent diameter of 0.52 \jjt\ and a sphere-equiv- 
alent coefficient of variation of 15% (a, b and c being defined in this specification). 

[1 373] To the wet cake equivalent to dry weight of 260 kg. 1 9.3 kg of polyvinyl alcohol (trade name; "PVA-21 7") was 
added and water was further added to make a total volume up to be 1000 kg and. then, the resultant mixture was 
changed into a slurry state by using a dissolver blade and, thereafter, preliminarily dispersed by using a pipeline mixer 

40 ("PM-10" type; available from Mlzuho Industrial Co., Ltd.). 

[1374] Next, such a preliminarily dispersed stock solution was treated three times by a dispersion apparatus (trade 
name: "Micro Fluidizer-M-61 0"; available from Mtero Fluldex International Corporation) equipped with a Z type Inter- 
action chamber under a pressure of 1260 kg/cm^, thereby to obtain a silver behenate dispersion. During the dispersion, 
cooling operation was perfomned such that coiled heat exchangers were attached each to an inlet and an outlet of the 

45 interaction chamber and a temperature of coolant was controlled to keep the dispersion temperature at 1 B^'C. 

Preparation of Reducing Agent Dispersion 
<Preparation of Reducing Agent Complex- 1 Dispersion> 

50 

[1375] 10 kg of a reducing agent complex-1, that Is, a 1:1 complex of 6,6'-di-t-butyl-4,4'-dlmethyl-2,2'-butylidene 
diphenol and triphenyl phosphine oxide, 0.12 kg of triphenyl phosphine oxide and 16 kg of a 10 mass% aqueous 
solution of a modified polyvinylalcohol ("Poval MP203"; available from Kuraray Co., Ltd.) were added with 10 kg of 
water and. then, thoroughly mixed to prepare a slurry. The thus-prepared slurry was fed by using a diaphragm pump 
55 to a lateral sand mill ("UVM-2"; available from Aimex, Ltd.) filled with zirconia beads having an average diameter of 
0.5 mm. dispersed for 4 hours and 30 minutes, added with 0.2 g of a benzolsothlazollnone sodium salt and water such 
that a concentration of the reducing agent was adjusted to be 22 mass%, thereby to obtain a reducing agent complex- 
1 dispersion. Reducing agent complex particles contained in the thus-obtained reducing agent complex dispersion 
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were found to have a median diameter of 0.45 jim and a maximum particle diameter of 1.4 jmi or less. The obtained 
reducing agent complex dispersion was filtered through a polypropylene filter having a pore diameter of 3 jim to separate 
dust or other foreign matters and then stored. 

<Preparation o1 Development Accelerator-1 Dispersion> 

[1376] A development accelerator-1 dispersion was prepared In a same manner and under same conditions as In 
Example 1 . 

[1377] As for respective solid dispersions of a development accelerator-2, a development acceIerator-3 and a color 
tone controlling agent-1 , dispersion operations were perfomied in a same manner as in the development accelerator- 
1 to obtain respective 20 mass% dispersions. 

Preparation of Polyhalogen Compound 

<Preparation of Organic Potyhatogen Compound-1 Dispersion> 

[1378] An organic polyhalogen compound-1 dispersion was prepared in a same manner and under same conditions 
as in Example 1 . 

<Preparation of Organic Pofyhaiogen Compoun(i-2 Dispersion> 

[1379] An organic polyhalogen compound-2 dispersion was prepared In a same manner and under same conditions 
as In Example 1 . 

<Preparation of Phttialazine Compound-1 Solution> 

[1 380] A phthalazlne compound-1 solution was prepared in a same manner and under same conditions as In Example 



Preparation of t^ercapto Compound 

<Preparation ofMercapto Compound- 1 Aqueous Solution> 

[1381] A mercapto compound-1 aqueous solution was prepared in a same manner and under same conditions as 
in Example 1 . 

<Preparation ofMercapto Compound-2 Aqueous Solution> 

[1382] A mercapto compound-2 aqueous solution was prepared In a same manner and under same conditions as 
in Example 1 . 

<Preparation of Pigment- 1 Dispersion> 

[1383] A pigment-1 dispersion was prepared in a same manner and under same conditions as In Example 1 . 
<Preparation of SBR Latex Liquid > 

[1384] An SBR latex liquid was prepared In a same manner and under same conditions as In Example 1 . 
<Preparation of Coating Liquid-la for Emulsion Layer (Photosensitive Layer)> 

[1385] 1 000 g of the above-obtained organic acid silver dispersion A, 276 ml of water, 33.2 g of the pigment-1 dis- 
persion, 21 g of the organinc polyhalogen compound-1 dispersion, 58 g of the organinc polyhalogen compound-2 
dispersion, 173 g of the phthalazine compound-1 solution. 1082 g of the SBR latex (Tg: 22°C) liquid; 299 g of the 
reducing agent complex-1 dispersion, 6 g of the development accelerator-1 dispersion. 9 ml of the mercapto compound- 
1 aqueous solution and 27 ml of the mercapto compound-2 aqueous solution were mixed in order of precedence and, 
then, 117 g of silver halide emulsion la was added to the resultant mixture just before it was applied and, thereafter! 
thoroughly mixed to obtain a coating liquid for the emulsion layer which was then directly fed to a coating die, and a 
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sample 7-1 was applied. Coating liquids in which emulsions 2a to 26a were used instead of the emulsion 1 a respectively 
were provided for preparing samples 7-2 to 7-26. 

[1386] Viscosity of the coating liquid for the emulsion layer was measured by using a B type viscometer (available 
from Tokyo Keiki K.K.) at 40°C (with No. 1 rotor at 60 rpm) and found to be 25 mPa-s. 
5 [1387] Viscosities of the coaling liquid measured under shearing velocities of 0.1, 1, 10, 100 and 1,000 (1/second) 
at 25*'C by using RFS Fluid Spectrometer (available from Rheometrix Far East Inc.) were 230, 60, 46, 24 and 1 8 mPa s, 
respectively. 

[1388] A quantity of zirconium present in the coating liquid was 0.38 mg/g Ag. 

10 <Preparation of Coating Liquid for Inlermediate Layer or) Emulsior) Surface> 

[1389] A coating liquid for an intemnediate layer on an emulsion surface was prepared In a same manner and under 
same conditions as in Example 1 . 

15 <Preparatton of Coating Liquid for First Layer of Protective Layer on Emulsion Surface> 

[1390] A coating liquid for a first layer of a protective layer on an emulsion surface was prepared in a same manner 
and under same conditions as in Example 1 . 

20 <Preparation of Coating Liquid for Second Layer of Protective Layer on Emulsion Surface> 

[1391] A coating liquid for a second layer of a protective layer on an emulsion surface was prepared in a same 
manner and under same conditions as in Example 1 . 

25 <Preparation of Photothermographic Material 1a> 

[1392] On a back surface side of the above-described undercoated support, a coating liquid for an anti-halation layer 
and a coating liquid for a back surface protective layer were simultaneously applied in a stacked manner such that 
coating quantities of gelatin became 0.44 g/m^ and 1 .7 g/m2, respectively and, then, dried to prepare a back layer. 

30 [1393] On a surface opposite to the back surface, an emulsion layer, an intennediate layer, a first layer of a protective 
layer and a second layer of the protective layer were simultaneously coated in a stacked manner in this order as viewed 
from an undercoated surface by using a slide bead application method and dried, thereby to obtain a sample of the 
photothemiographic material; on this occasion, a sample prepared by using the coating liquid-1 a for the emulsion layer 
was designated as a sample 7-1 while samples prepared by using the coating liquid-1 for the emulsion layer but by 

35 changing the emulsion-1 a contained therein into emulsions 2a to 26a respectively were designated as samples 7-2 to 
7-26, respectively. At this time, temperatures of the emulsion layer and the intermediate layer were adjusted to be 
31 '^C, and temperatures of the first layer of the protective layer and the first layer of the protective layer were adjusted 
to be se'^C and 37°C, respectively. 

[1394] Coated quantities (g/m^) of respective compounds in the emulsion layer are as follows: 
40 



Silver behenate 


5.56 


Pigment (C. 1. Pigment Blue 60) 


0.036 


Polyhalogen compound- 1 


0.12 


Polyhalogen compound-2 


0.37 


Phthalazine compound-1 


0.19 


SBR latex 


9.97 


Reducing agent complex-1 


1.41 


Development accelerating agent-1 


0.024 


Mercapto compound-1 


0.002 


Mercapto compound-2 


0.012 


Silver hallde (In temns of Ag) 


0.091 



Coating and drying conditions are as follows: 

[1 395] Coating was perfomied at a speed of 1 60 m/min while keeping a gap between an end of a coating die and a 
support at from 0.1 0 mm to 0.30 mm and keeping a pressure In a reduced pressure chamber lower by from 1 96 Pa to 
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882 Pa than the atmospheric pressure. The support was blown with ion wind before the coating to cancel electricity. 
[1 398] Next, the coating liquid was cooled in a chilling zone by blowing wind having a dry-bulb temperature of from 
lO'^C to 20°C and, then, transferred in a non-contact type manner and. thereafter, dried by a dry wind having a dry- 
bulb temperature of from 23-C to AS^C and a wet-bulb temperature of from 1 5»C to 21 «Cln a helical non-contact type 
drying apparatus. 

[1397] After the coating liquid was dried, the thus-dried coating liquid was conditioned at 25'»C. from 40 %RH to 60 
%RH and, then, a surface of the resultant layer was heated up to from 70''C to 90«C and, subsequently, cooled down 
to 25*0. 

[1398] A degree of matting expressed by Beck smoothness of the thus-prepared photothermographic material was 
found to be 550 seconds for the photosensitive layer side and 130 seconds for the back surface side. Further, pH of 
the layer surface on a photosensitive layer side was measured and found to be 6.0. 

[1399] Chemical structures of compounds used in embodiments according to the invention are shown below. 



Spectral sensitizing dye A 




Spectral sensitizing dye B 




Tellurium sensitizer C 
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Basic precursor compound-l 

C2H5-N N-C2H5 

)3-NHC2H4NH-q 
C2H5-N N-C2H5 



Cyanine dye compound- 1 
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Yellow dye compound-l 

/=\ O 




Reducing agent complex-1 







1 riconiplex 



Reducing agent-2 



Hydrogen bonding type compound-l 






Polyhalogen compound-l Polyhalogen conipound-2 

;ONHC4H9 
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Mercapto compound-l Mercapto coinpound-2 




^SOaNa ^ NHCONHChfe 



Phthalazine compound-l 



Development accelerator-1 



aNHNHCONH- 
I 
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10 



F-1 CeFiySOg— l^-CHaCOOK 

F-2 CbFitSOz— IjJ-CHaCHaO-CCHzCHzO)^— H 

CaHyCn) n=15 (average) 



,5 F-3 C8Fi7S02-l|l-(CH2CH20)4(CH2)4S03Na 

C3H7(n) 

20 F-4 C8F17SO3K 

F-5 CF3— (CF2)n— CHgCHjSCHaCHgCOaU 
2S mixture of n=6 to 11 

F-6 CF3— (CF2)„— CHjCHjO— (CHgCHaO)^— H 
30 mixture of n=5 to 1 1 , m=5 to 1 5 

F-7 (pHaCOOCflHiy 
^ NaC^S-CHCOOCH2CH2C4F9 



40 



F-8 



CH2COOCH2CH2C4F9 
Na03S~CHCOOCH2CH2C4F9 



Evaluation of Photographic Performance 

45 

[1400] The obtained samples were each cut out to be a size of 51 5 mmx728 mm. packaged by a packaging material 
described below under an atmosphere of 25*'C and 50% RH. stored at nomial temperature for 2 weeks and subjected 

to evaluations described below. 

so Packaging /Material 

[1401] PET: 10 jinn/PE: 12 nm/alumlnum foil: 9 ^inVNy: 15 ^m/polyethylene containing 3% of carbon: 50 jim; 

oxygen pemrieability: 0.02 ml/atm*m2.25«'C.day; and water permeability: 0.1 0 g/atm m2.25°C-day. 
[1 402] The obtained samples were exposed and thermally developed by a modified model of Fuji Medical Dry Laser 
55 Imager "FM-DPL". Such exposure was performed by irradiating a photosensitive material with a semiconductor laser 
beam from a 660-nm semiconductor laser device having a maximum output of 60 mW (IIIB) provided in such a modified 
Fuji Medical Dry Laser Imager "FM-DPL" while stopping down a beam diameter to be 1 00 jim X 1 00 jim. The exposure 
was perfomned by changing quantities of light exposure stepwise. Such development was performed by setting tern- 
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10 



peratures of 4 plates constituting a panel heater to be 1 1 2'*C-11 g'^C-l 21" C-1 21 *'C. A time period of the exposure was 
24 seconds. The evaluations of the samples obtained after being exposed and themially developed were perfonned 
by measuring densities thereof by means of using a Macbeth-type densitometer and constructing a characteristic curve 
of density against quantity of exposing light. 

[1403] In the thermally developed samples, density of a portion of each of the samples which has not been exposed 
to a laser beam was designated as Fog while density of a portion which has been exposed by a maximum quantity 
thereof was designated as Dmax. Further, a reciprocal number of the quantity of exposing light which can obtain the 
density of Fog+1 .0 was designated as sensitivity which Is expressed by a relative value against that of a reference 
photosensitive material. 

Evaluation of Print-out Performance 



[1404] The sample which has been subjected to thermal development processing was left to stand in an atmosphere 
of 25*'C and 60% RH under a fluorescent lamp of 1000 luces for 30 days to measure changes of fog with time. The 
15 changes of fog are shown in Table 6 as a difference (AFog) between an initial fog density and that after being stored. 

Storability on Unexposed, Time-lapsing Basis 

[1405] The obtained phtothermographic material was stored at SO^C or 2 months and, then, subjected to thermal 
20 development processing. Thereafter, changes of fog with time was measured. Changes of this fog are shown in Table 
6 as a difference (AFog) between that at the initial time and that after storage. 
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(1 406] From the results shown in Table 6. it is found that the photothermographic material according to the twelfth 
embodiment of the Invention has a high sensitivity and high Dmax and is favorable in print-out fog and storabilltv on 
an unexposed, time-lapsing basis. 



Example 8 



<PieparBtion of Silver HaBde Emulsion B> 



[1 4071 A silver halide emulsion B was prepared in a same manner as in preparation of the silver hallde emulsion 4a 
except that the liquid temperature of 42'C at the time of fomiing particles was changed into that of SS-C The sedi- 
mentation/desalting/rlnsing/dispersion operations was conducted in a same manner as in the silver hallde emulsion 
4a. Further, a silver halide emulsion B was obtained by perfonming a spectral sensitizing and chemical sensitizing in 

asamemanneraslntheemulsion4aexceptthataquantity of the methanolsolution, comprising the spectral sensitizing 
dye A and the spectral sensitizing dye B at a ratio of 3:1 therebetween, to be added was changed into 9 0X10 '* moV 
mol of Ag. a quantity of tellirium sensitizer C to be added was changed into 5. 1 XI O * mol/mol of Ag and a quantity of 
m-methylureldoiJhenyl-2-mercapto-1 ,3,4,5-tetrazole to be added was changed into 4.7X1 0-3 mol/mol of Ag Emulsion 
partwles of the sih^er halide emulsion B were pure silver iodide cubic particles having an average sphere-equivalent 
diameter of 80 nm and a sphere-equivalent coefflcient of variation of 20%. 

<Preparation of Mixed Emulsion for Coating Llquid> 

[1 408] An emulsion 4a and an emulsion B were mix-dissolved at a mixing ratio of 8:2 instead of silver hallde emulsion 
4a and the resuttant solution was added with a 1 mass% aqueous solution of N-methyl-benzothiazollum Iodide in an 
amount of 7X10-3 mol/mol of Ag and, further, added with water such that a content of silver halide became 38 2 g (In 
^ITJ ^^^^ ^ ""^^ emulsion for the coating liquid to prepare an emulsion B 4a for the coating liquid 
[1409] Also with halogenated emulsions 11 a to 26a, the emulsion B was mix-dissolved in a same manner as in the 
above to prepare mixed emulsions B 1 1 a to B 26a for the coating liquid. 

<Preparatlon of Photothermographic Material> 

[1410] Photothemiographic materials were prepared in a same manner as in Example 7 except that. In regard to 
phototliemnograph Ic materials 7-4 and from 7-11 to 7-26 in Example 7. a mixed emulsion for the coating liqutel was 
used, thereby to allow them to be named as sample Nos B-4 and from 8-11 to 8-26. a q « was 

Evaluation of Sample 



[1411] Exposure to light and themial development were perfomied in a same manner as in Example 7 and then 
density measurement was perfomied on the resultant image to construct a characteristic curve of the density against 
a logarithm of a quantity of exposing light. Evaluations were performed in a same manner as in Example 7 except that 
an opucal density of an unexposed portion was designated as Fog and. then, an average contrast of optical densities 
(Fog+0.1 and Fog+0.5) was measured. 



[Table 7] 







Evaluation Results of Example 8. 


Sample No 


Emulsion No 


Sensitivity 


Average 
Contrast 


Print -Out AFog 


Storabllity on 
Unexposed, 
Time-Lapsing 
Basis AFog 


Remarks 


7-4 


4a 


100 


1.8 


0.05 


0.05 


Comparative 
Example 


8-4 


B4a 


102 


1.0 


0.05 


0.05 


Comparative 
Example 


8-11 


Blla 


104 


1.1 


0.04 


0.02 


Present 
invention 
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[Table 7] (continued) 





Evaluation Results of Example 8. 


5 


Sample No 


Emulsion No 


Sensitivity 


Average 
Contrast 


Print -OutAFog 


Storability on 
Unexposed, 

Time-Lapsing 
Basis AFog 


Remarks 


10 


8-12 


81 2a 


104 


1.0 


0.04 


0.03 


Present 
Invention 


8-13 


B13a 


105 


1.1 


0.03 


0.03 


Present 
Invention 


IS 


8-14 


B14a 


103 


1.1 


0.02 


0.03 


Present 
Invention 


8-15 


B15a 


104 


1.0 


0.04 


0.04 


Present 
Invention 


20 


8-16 


81 6a 


104 


1.0 


0.04 


0.03 


Present 
Invention 


8-17 


81 7a 


106 


1.1 


0.03 


0.03 


Present 
Invention 


25 


8-18 


818a 


104 


1.0 


0.02 


0.02 


Present 
Invention 


8-19 


819a 


104 


1.0 


0.02 


0.03 


Present 
Invention 




8-20 


B20a 


105 


1.1 


0.03 


0.02 


Present 
Invention 


30 


8-21 


821a 


104 


1.0 


0.02 


0.02 


Present 
Invention 




8-22 


822a 


105 


1.0 


0.03 


0.03 


Present 
Invention 


35 


8-23 


B23a 


104 


1.0 


0.02 


0.02 


Present 
Invention 




8-24 


B24a 


104 


1.1 


0.02 


0.02 


Present 
Invention 


40 


8-25 


825a 


105 


1.0 


0.03 


0.03 


Present 
Invention 




8-26 


B26a 


104 


1.0 


0.03 


0.02 


Present 
Invention 



45 

[1412] From the results shown in Table 7, it is found that the photothenmographic material according to the twelfth 
embodiment of the Invention has a high sensitivity and is favorable in print-out fog and storability on an unexposed, 
time-lapsing basis and, further, has favorable image characteristics such that an average contrast in a low density 
portion is low and an image reproduction property in the low density portion. 



50 

Example 9 

Preparation of Fatty Acid Silver Dispersion B 

55 <Preparation of RecrystaHized Behenic Acid> 

[1413] 1 00 kg of behenic acid (trade name: "Edenor C22-85R"; available from Henkel Corporation) was mixed into 
1200 kg of tsopropyl alcohol, dissolved at 50**C, filtered through a filter of 1 0 ^m, cooled down to 30°C and recrystallized. 
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A cooling speed at the time of recrystalllzation was controlled to be 3-C/hour. The resultant crystal was subjected to 
centrifugal filtration, rinsed with a shower of 100 kg of isopropyl alcohol and dried. The resultant crystal was esterified 
and. then, subjected to a GC-FID measurement to find that it contained 96% of silver behenate, 2% of lignoceric acid 
and 2% of arachidic acid. 

<Piepamtion of Fatty Add Silver Dispersion B> 

[141 4] 88 kg of behenic acid. 422 L of distilled water. 49.2 L of a 5 mol/L concentration aqueous NaOH solution and 
120 L of t-butyl alcohol were mixed and. then, the resultant mixture was stirred at 75'C for one hour to allow the mixture 
to react, thereby to obtain a sodium behenate solution B. Separately, 206.2 L (pH 4.0) of an aqueous solution containing 
40.4 kg of silver nitrate was prepared and kept at 10»C. A reaction vessel containing 635 L of distilled water and 30 L 
of t-butyl alcohol was kept at 30'C and, then, was added with an entire volume of the sodium behenate solution B and 
an entire volume of the aqueous silver nitrate solution at constant flow rates over 93 minutes and 1 5 seconds and over 
90 minutes, respectively. On this occasion, only the aqueous sih^er nitrate solution was added in afirst IHninute period 
after the start of the addition thereof and, then, the sodium behenate solution B was started to be added and only the 
sodium behenate solution B was added in a last 14-minute-and-15 second period after the end of addition of the 
aqueous silver nitrate solution. At this time, a temperature in the reaction vessel was kept at 30-C and was controlled 
externally so as to keep the liquid temperature constant. Further, a piping in a feeding system of the sodium behenate 
solution B was heated by circulating hot water in an outer portion of a double pipe and controlled such that an outlet 
liquid temperature at the end of the feed nozzle was 75°C. Further. A piping in a feeding system of the aqueous silver 
nitrate solution was cooled by circulating cold water in an outer portion of the double pipe. A point of addition of the 
sodium behenate solution B and a point of addition of the aqueous silver nitrate solution were symmetricalV arranged 
centered around a stirring axis and height of these points was adjusted so as to prevent them from contacting Ihe 
reaction solution. 

[1 41 5] After completion of the addition of the sodium behenate solution B. the resultant mixture was allowed to stand 
for 20 minutes under stin-ing with a temperature thereof unchanged, and, then, the temperature was elevated to 35''C 
over 30 minutes and. thereafter, the mixture was ripenedfor 21 0 minutes. Immediately after completion of such ripenina 
a solid content was separated by centrifugal filtration and. then, rinsed with water until electric conductivity of a filtrate 
became 30 nS/cm. A fatty acid silver salt was thus obtained. The thus-obtained solid content was stored in wet cake 
form without being dried. 

[1416] When a state of the thus-obtained silver behenate particles was observed by a microscopic photographing 
the obtained silver behenate particles were found to be a crystal having average values of a=0 21 um b=0 4 tun and 
c^OA iim. an average aspect ratio of 2.1 . an average sphere-equivalent diameter of 0.51 m and a sphere-equivalent 
coefficient of vanation of 1 1 % (a, b and c being defined in this specification). 

[1 41 7] To the wet cake equivalent to dry weight of 260 kg. 1 9.3 kg of polyvinyl alcohol (trade name; "PVA-21 7') was 
added and water was further added to make a total volume up to be 1000 kg and, then, the resultant mixture was 

?PM^i^»I;^<.^ ^!!17Tf m'"1^ 1'^°^^' "'^"^^ ^""^ P^*"'""'^^"^ dispersed by using a pipeline mixer 

( PM■^0 type; available from Mizuho Industrial Co., Ltd.). 

[14181 Next, such a preliminarily dispersed stock solution was treated three times by a dispersion apparatus (trade 
name: Micro Ruidizer-M-610"; available from Micro Fluidex International Corporation) equipped with a 2 type inter- 
action chamber under a pressure of 1 .13X1 0^ kPa (1 150 kg/cm^), thereby to obtain a silver behenate dispersion During 
the dispersion, cooling operation was perfomied such that coiled heat exchangers were attached each to an inlet and 
an omiet of the interaction chamber and a temperature of coolant was controlled to keep the dispersion temperature 

<Preparatkm of Reducing Agent-2 Dispersion> 

[1419] 10 kg of a reducing agent-2, that is. 6,6'-di-t-butyl-4.4'-dimethyl-2,2'-butylidene diphenol and 16 kg of a 10 
mass ^ aqueous solution of a modified polyvinylalcohol ("Poval MP203°; available from Kuraray Co Ltd ) were added 
with 10 kg of water and. then, thoroughly mixed to prepare a slurry. The thus-prepared slurry was fed by using a 
diaphragm pump to a lateral sand mill («UVM-2": available from Aimex, Ltd.) filled with zirconia beads having an average 

f nTw^r" , K .h? "^''t" 1°' ^ ^"'^ ^° ^"^"^^ 9 a benzoisothiazolinone sodium salt 

and water such that a concentration of the reducing agent was adjusted to be 25 mass%. thereby to obtain a reducing 
agent-2 dispersion. Reducing agent particles contained in the thus-obtained reducing agent dispersion were found to 
have a median diameter of 0.40 ^m and a maximum particle diameter of 1 .5 ^m or less. The obtained reducing agent 
dispersion was filtered through a polypropylene filter having a pore diameter of 3.0 ^m to separate dust or other foreign 
matters and then stored. ^ 
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<Prepamtion of Hydrogen Bonding Type Compound-1 Dispersion> 

[1 420] 1 0 kg of a hydrogen bonding type compound-1 , that is, trl(4-t-butylphenyl)phosphine oxide and 1 6 kg of a 1 0 
nnass% aqueous solution of a nnodified polyvinylalcohol ("Poval MP203": available from Kuraray Co., Ltd.) were added 

5 with 10 kg of water and, then, thoroughly mixed to prepare a slunry. The thus-prepared slurry was fed by using a 
diaphragm pump to a lateral sand mill ("UVM-2"; available from Aimex, Ltd.) filled withzirconia beads having an average 
diameter of 0.5 mm, dispersed for 3 hours and 30 minutes, added with 0.2 g of a benzolsothiazolinone sodium salt 
and water such that a concentration of the hydrogen bonding type compound was adjusted to be 25 mass%. thereby 
to obtain a hydrogen bonding type compound-1 dispersion. Hydrogen bonding type compound particles contained in 

10 the thus-obtained dispersion were found to have a median diameter of 0.35 yum and a maximum particle diameter of 
1 .5 ^m or less. The obtained hydrogen bonding type compound dispersion was filtered through a polypropylene filter 
having a pore diameter of 3.0 jim to separate dust or other foreign matters and then stored. 

<PreparaUon of Coating Liquid-Sa for Emuision Layer (Photosensitive Layer)> 

15 

[1 421 ] 1 000 g of the above-obtained fatty acid silver dispersion B, 276 ml of water, 32.8 g of the pigment-1 dispersion, 
21 g of the organinc polyhalogen compound-1 dispersion, 58 g of the organinc polyhalogen compound-2 dispersion, 
173 g of the phthalazine compound-1 solution, 1082 g of the SBR latex (Tg: 20°C) liquid; 155 g of the reducing agent- 
2 dispersion, 55 g of the hydrogen bonding type compound-1 dispersion, 6 g of the development accelerator-1 disper- 
se sion, 2 g of the development accelerator-2 dispersion, 3 g of the development accelerator-3 dispersion, 2 g of the color 
tone adjusting agent-1 dispersion, 6 ml of the mercapto compound-2 aqueous solution were mixed in order of prece- 
dence and, then, 11 7 g of silver halide emulsion 1 a for the coating liquid was added to the resultant mixture just before 
it was applied and, thereafter, thoroughly mixed to obtain a coating liquid for the emulsion layer which was then directly 
fed to a coating die and, then, a sample 9-1 was applied. Further, emulsions 2a to 26a were used In place of the 
25 emulsion 1 a to prepare samples 9-2 to 9-26, respectively. 

[1422] Viscosity of the coating liquid for the emulsion layer was measured by using a B type viscometer (available 
from Tokyo Keiki K.K.) at 40°C (with No. 1 rotor at 60 rpm) and found to be 40 mPa-s. 

[1423] Viscosities of the coating liquid measured under shearing velocities of 0.1, 1, 10, 100 and 1,000 (1/second) 
at 25''C by using RFS Fluid Spectrometer (available from Rheometrix Far East Inc.) were 530, 144, 96, 51 and 28 
30 mPa-s, respectively. 

[1424] A quantity of zirconium In the coating liquid was 0.25 mg based on 1 g of silver. 

<Preparation of Photothermographic Material'3a> 

35 [1425] A photothermographic material-3a was prepared In a same manner as In the photothemnographic materlal- 
1 a except that the coating liquid-1 a for the emulsion layer was changed into a coating liquid-3a for the emulsion layer, 
the yellow dye compound 1 was removed from the anti-halation layer and the fluorine-type surfactants in the protective 
layer on the back surface and the protective layer on the emulsion surface were changed from F-1 , F-2, F-3 and F-4 
Into F-5, F-6, F-7 and F-8, respectively in the photothermographic material-la and, then, the coating liquid-3a for the 

40 emulsion layer was designated as a sample 9-1 and, further, coating liquids in which the emulsion la in the coating 
liquid-3a for the emulsion layer was replaced by emulsions 2a to 26a which were, then designated as samples 9-2 to 
9-26, respectively. 

[1426] At this time, coated quantities (g/m^) of respective compounds in the emulsion layer are as follows: 



Silver behenate 


5.55 


Pigment (C. 1. Pigment Blue 60) 


0.036 


Polyhalogen compound-1 


0.12 


Polyhalogen compound-2 


0.37 


Phthalazine compound-1 


0.19 


SBR latex 


9.67 


Reducing agent-2 


0.81 


Hydrogen bonding type compound-1 


0.30 


Development accelerating agent-1 


0.024 


Development accelerating agent-2 


0.010 


Development accelerating agent-3 


0.016 


Color tone adjusting agent-1 


0.010 
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(continued) 



Mercapto conripound-2 
Silver halide (in temns of Ag) 



0.002 
0.091 



[1427] The obtained sannples were exposed and themially developed (for 1 2 seconds in total by 4 plates constituting 
a panel heater m which respective temperatures were set to be 112«'C, 11 121°C and 121°C) by Fuji Medical Dry 
Laser Imager "FM-DPL" (equipped with a 660-nm semiconductor laser device having a maximum output of 60 mW 
(IIIB); on this occasion, evaluations of the obtained image were performed by a densitometer 
[1428] The results obtained by performing in a same manner as In Example 7 are shown in Table 8. 



[Table 8] 





Evaluation Results of Example 9 


Sample No 


Emulsion No. 


Sensitivity 


max 


Print-Out A Fog 


j>ttnrsi)*>Nifv nn 
wiuiauiliiy i/n 

Unexposed, Time- 
Lapsing 
BasisArog 


Remarks 


9-1 


la 


100 


3.6 


u.uo 


0.07 


Comparative 
Example 


9-2 


2a 


101 


3.7 


0.07 


0.07 


Comparative 
Example 


9-3 


3a 


102 


3.8 


0.06 


0.06 


Comparative 
Example 


9-4 


4a 


103 


Q 


U.OO 


0.06 


Comparative 
Example 


9-5 


5a 


100 


3.8 


0.06 


0.06 


Comparative 
Example 


9-6 


6a 


102 


3.8 


0.06 


0.06 


Comparative 
Example 


9-7 


7a 


102 


3.9 


0.03 


0.04 


Present Inv^^ntinn 


9-8 


8a 


101 


3.9 


0.04 


0.05 


Present Invention 


9-9 


9a 


102 


4.0 


0.02 


0.04 


Present invention 


9-10 


10a 


102 


4.1 


0.03 


0.03 


Present Invention 


9-11 


11a 


103 


4.0 


0.04 


0.04 


Present Invention 


9-12 


12a 


104 


4.0 


0.04 


0.04 


Present Invention 


9-13 


13a 


102 


4.1 


0.03 


0.05 


Present Invention 


9-14 


14a 


102 


4.1 


0.02 


0.04 


Present Invention 


9-15 


15a 


102 


4.1 


0.03 


0.05 


Present Invention 


9-16 


16a 


103 


4.0 


0.03 


0.04 


Present Invention 


9-17 


17a 


104 


4.1 


0.03 


0.03 


Present Invention 


9-18 


18a 


103 


4.1 


0.02 


0,04 


Present Invention 


9-19 


19a 


103 


4.1 


0.02 


0.03 


Present Invention 


9-20 


20a 


103 


4.1 


0.03 


0.03 


Present Invention 


9-21 


21a 


102 


4.0 


0.02 


0.0'2 


Present Invention 


9-22 


22a 


103 


4.0 


0.03 


0.03 


Present Invention 


9-23 


23a 


102 


4.1 


0.03 


0.02 


Present Invention 
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[Table 8] (continued) 



Evaluation Results of Example 9 


Sample No 


Emulsion No. 


Sensitivity 




Print-Out A Fog 


Storability on 
Unexposed, Time- 
Lapsing 
BasisAFog 


Remarks 


9-24 


24a 


102 


4.0 


0.03 


0.02 


Present Invention 


9-25 


25a 


103 


4.1 


0.02 


0.04 


Present Invention 


9-26 


26a 


102 


4.1 


0.02 


0.03 


Present Invention 



[1 429] From the results shown in Table 8, it Is found that the photothermographic material according to the twelfth 
embodiment of the invention has a high sensitivity and a high Dmax and is favorable in print-out fog and storability on 
a unexposed, time-lapsing basis and, further, more favorable when a content of Agl of a non-photosensitive silver 
halide is higher. 



20 



Example 10 

<Preparation of Photothermographic Material'4a> 



[1430] A photothermographic material 4a was prepared in a same manner as in the photothemiographic material 
3a except that a yellow dye compound-1 was added in an anti-halation layer in the photothermographic material 3a 
25 such that absorbance at 405 nm became 0.3. 



Exposure of Photothermographic fAaterial 

[1431] The obtained photothermographic materials were subjected to exposure processing in such a manner as 
QQ described below. 

[1 432] The photothermographic materials were exposed for 1 0-^ second by Fuji Medical Dry Laser Imager "FM-DPL" 
equipped with a semiconductor laser device "NLHV3000E" (available from Nichia Corporation) as a semiconductor 
laser beam supply in an exposure portion thereof white illuminance of laser beams on a surface of the photothermo- 
graphic materials is allowed to change from 0 and 1 mW/mm^ to 1000 mW/mm2 by stopping down a beam diameter. 
35 An emission wavelength of the laser beanns was 405 nm. 

Development of Photothermographic Material 

[1 433] The thus-exposed photothermographic materials were subjected to thermal development processing in such 
a manner as described below. 

[1434] In athennal development portion of Fuji Medical Dry Laser lmager"FM-DPL",temperaturesof 4 plates which 
constitute a panel heater were set to be 112°C, 115°C, 115*^0 and 11 5^*0 and, then, the thermal development was 
perfomned such that a total thermal development time became 1 2 seconds while increasing a film transferring speed. 
[1 435] Evaluations of samples were performed in a same manner as in Example 9 and the results thereof are shown 
45 in Table 9. 



[Table 9] 





Evaluation Results of Example 10 


50 


Sample No. 


Emulsion No. 


Sensitivity 


Dmax 


Print-Out AFog 


Storability on 
Unexposed, Time- 
Lapsing 
BasisAFog 


Remarks Remarks 


55 


10-1 


la 


100 


3.6 


0.08 


0.07 


Comparative 
Example 




10-2 


2a 


100 


3.5 


0.07 


0.07 


Comparativef 
Example 
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[Table 9] (continued) 







Evaluation Results of Example 10 




Emulsion No. 


Sensitivity 


Dmax 


Print-Out AFog 


Storability on 
Unexposed, Time- 
Lapsing 
BaslsAFog 


Remarks Remarks 


10-3 


3a 


102 


3.6 


0.06 


0.06 


Comparative 
example 


10-4 


4a 


103 


3.7 


0.05 


0.06 


Comparative 
Example 


10-5 


5a 


99 


3.8 


0.06 


0.06 


Comparative 

CAciiiipic 


10-6 


6a 


101 


3.9 


0.06 


0.06 


On m n 9 rot Sua 
our 1 tfJeti oil Vc 

Example 


10-7 


7a 


101 


4.0 


0.03 


0.04 


Present Invention 


10-8 


8a 


101 


4,1 


0.04 


0.05 


Present Invention 


10-9 


9a 


102 


4.0 


0.02 


0.04 


Present Invention 


10-10 


10a 


102 


4.1 


0.03 


0.03 


Present Invention 


10-11 


11a 


102 


4.1 


0.04 


0.04 


Present Invention 


10-12 


12a 


103 


4.1 


0.04 


0.04 


Present Invention 


10-13 


13a 


103 


4.2 


0.03 


0.05 


Present Invention 


10-14 


14a 


101 


4.1 


0,02 


0.04 


Present Invention 


10-15 


15a 


102 


4.0 


0.03 


0.05 


Present Invention 


10-16 


16a 


102 


4.0 


0.03 


0.04 


Present Invention 


10-17 


17a 


104 


4.1 


0.03 


0.03 


Present Invention 


10-18 


18a 


102 


4.2 


0.02 


0.04 


Present Invention 




lya 


102 


4.1 


0.02 


0.03 


Present Invention 


10-20 


20a 


103 


4.2 


0.03 


0.03 


Present Invention 


0-21 


21a 


102 


4.0 


0.02 


0.02 


Present Invention 


10-22 


22a 


103 


4.0 


0.03 


0.03 


Present Invention 


10-23 


23a 


102 


4.1 


0.03 


0.02 


Present Invention 


10-24 


24a 


102 


4.0 


0.03 


0.02 


Present Invention 


10-25 


25a 


103 


4.1 


0.02 


0.04 


Present Invention 


10-26 


26a 


102 


4,1 


0.02 


0.03 


Present Invention 



[1436] From the results shown in Table 9. it is found that the photothennographic material according to the twelfth 
embodiment of the present Invention has a high sensitivity and a high Dmax and is favorable in print-out fog and 
storability on a unexposed, time-lapsing basis and, further, more favorable when a content of Agl of a non-photosen- 
sitive silver halide is higher. 



Example 1 1 



[1437] Evaluations was performed in a same manner as in Example 10 except that, when the photothermographic 
materials Nos. 10-2 to 10-4 and 10-7 to 10-26 used in Example 10 were subjected to thermal development, tempera- 
tures of 4 plates of thermal development apparatus used in Example 1 0 were unanimously set to be 1 1 2*C. Favorable 
results similar to those in Example 10 were obtained. 
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[1438] It is found that the twelfth embodiment of photothermographic materials according to the present invention 
have a high sensitivity and a high Dmax and are favorable In print-out fog and storabllity on a unexposed, time-lapsing 
basis compared with conventional photothermographic materials. 

5 -Examples of Eighteenth Embodiment - 

[1 439] Next, an eighteenth embodiment of a photothemnographic material according to the present invention will be 
explained in more detail with reference to examples. However, the Invention is by no means limited to these examples. 

10 Example 12 

Preparation of PET Support and Undercoat 

Film Forming 

15 

[1 440] PET with an intrinsic viscosity (IV) of 0.66 (measured in phenol/tetrachloroethane=6/4 (ratio by mass) at 25''C) 
was obtained by a general procedure by using terephthalic acid and ethylene glycol. The thus-obtained PET was 
pelletized, dried at 130**C for 4 hours, melted at SOO^G and allowed to contain a dye BB having a structure described 
below in an amount of 0.04 wt%. The resultant mixture was extruded from a T-die and rapidly cooled to obtain an 
20 unstretched film having a thickness of 175 (tm on an after-heat-setting basis. 



C2H5 




Dye BB 



[1441] The film was then longitudinally stretched 3.3 times by using rollers which are different in a peripheral speed 
from each other and then transversely stretched 4.5 times by using a tenter. Temperatures applied in these cases were 
40 1 1 CC and 1 30'*C, respectively. Subsequently, the film was heat-set at 240°C for 20 seconds, and then relaxed by 4% 
In the transverse direction at a same temperature. Thereafter, a portion chucked by the tenter was slit off and the film 
was knurled at both edges thereof and then taken up at a rate of 4 kg/cm^ to obtain a rolled support having a thickness 
of 175 Jim. 

^5 Surface Corona Treatment 

[1 442] Using a solid state corona treatment apparatus (model: 6KVA; available from Pillar Corporation) , both surfaces 
of the support were treated at 20 m/minute at room temperature. Referring to read values of current and voltage, it 
was confinned that the support was treated at 0.375 kVA-minute/m^. Frequency for the treatment was 9.6 kHz and a 
so gap clearance between an electrode and a dielectric roll was 1 .6 mm. 

Preparation of Undetcoated Support 

[1443] An undercoated support was prepared in a same manner and under same conditions as in Example 1 . 
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Back Layer 

(Preparation of Coating Liquid for Back Layer) 

<Preparation of Solid Fine Particie Dispersion (a') of Basic Precursor> 

[1444] 64 g of a basic precursor compound-1 . 10 g of DEMOL-N (trade name; available from Kao Corporation), 28 
g of diphenylsulfone and 220 ml of distilled water were mixed and, then, the resultant mixture was bead-dispersed by 
using a 1/4G Sand Grinder Mill (available from Almex, Ltd.) to obtain a solid fine particle dispersion (a') of a basic 
precursor compound having an average particle diameter of 0.2 ^im. 

< Preparation of Soiid Fine F^rticie Dispersion (a) of Dye> 

[1445] 9.6 9 of acyanine dye compound-1 , 5.8 g of sodium p-dodecylbenzene sulfonate and 305 ml of distilled water 
were mixed and. then, the resultant mixture was bead- dispersed by using a 1/4G Sand Grinder Mill (available from 
Aimex, Ltd.) to obtain a solid fine particle dispersion (a) of dye having an average particle diameter of 0.2 \im. 

<Preparation of Coating Liquid for Anti-liaiation Layer> 

[1446] 1 7 g of gelatin. 9.6 g of polyacrylamide, 70 g of the above-described solid fine particle dispersion (a') of the 
basic precursor, 56 g of the above-described solid fine particle dispersion (a) of dye, 1 .5 g of monodispersed polymethyl 
methacrylate fine particles (average particle size: 8 ^m; particle diameter standarxl deviation: 0.4), 0.03 g of benzoi- 
sothiazolinone, 2.2 g of sodium polyethylenesulfonate. 0.2 g of a blue dye compound-1 , 3.9 g of a yellow dye compound- 
1 and 44 ml of water were mixed to prepare a coating liquid for an anti-halation layer. 

< Preparation of Coating Liquid for Back Surface Protective Layer> 

[1447] While keeping a temperature of a vessel at 40°C, 50 g of gelatin, 0.2 g of sodium polystyrene sulfonate, 2.4 
g of N,N-ethylenebis(vinylsulfone acetamide). 1 g of sodium t-octylphenoxyethoxyethane sulfonate. 30 mg of benzoi- 
sothiazollnone, 37 mg of a fluorinated surfactant (F-lb), 0.15 g of a fluorinated surfactant (F-2b). 64mg of a fluorinated 
surfactant (F-3b). 32 mg of a fluorinated surfactant (F-4b). 8.8 g of acrylic acid/ethyl acrylate copolymer (copolymeri- 
zation ratio by mass: 5/95). 0.6 g of Aerosol OT (available from American Cyanamide Corporation), 1.8 g of liquid 
paraffin emulsion in tenns of liquid paraffin and 950 ml of water were mixed to prepare a coating liquid for a back 
surface protective layer. 

(Coating of Back Layer) 

[1448] On a back surface side of the above-described undercoated support, a coating liquid for an anti-halation layer 
and a coating liquid for a back surface protective layer were simultaneously applied in a stacked manner such that 
coating quantities of solid fine particle dye in a case of the former and gelatin in a case of the latter became 0.04 g and 
1 .7 g/m2 respectively, and, then, dried to prepare a back layer. 

image Forming Layer, Intermediate l^yer and Surface Protective Layer 

Prepara^on of Material for Coating 

( Silver Halide Emulsion) 

<Preparation of Silver Halide Emulsion> 

[1449] To 1,420 ml of water, added were 4.3 ml of a 1 mass% potassium iodide solution, 3.5 ml of a 0.5 mol/L 
concentration of sulfuric acid and 36.7 g of phthallzed gelatin; while the resultant liquid was kept stirring in a stainless- 
steel reaction vessel at a constant liquid temperature of 35«C. was added thereto an entire volume of a solution A in 
which 22.22 g of silver nitrate was diluted by distilled water to be 1 95.6 ml and a solution B in which 21 .8 g of potassium 
iodide was diluted by distilled water to be 21 9 ml at a constant flow rate over 9 minutes. Thereafter, the resultant solution 
was added with 1 0 ml of a 3.5 mass% aqueous hydrogen peroxide solution and, further, with 1 0.8 ml of a 10 mass% 
aqueous solution of benzoimidazole. Further, were added to the resultant mixture a solution C In which 51 .86 g of silver 
nitrate was diluted with distilled water to be 317.5 ml and a solution D in which 60 g of potassium iodide was diluted 
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with distilled water to be 600 ml such that an entire volume of the solution C was added thereto at a constant flow rate 
over 120 minutes whereas the solution D was added thereto by a controlled double jet method while a pAg thereof is 
kept at 8.1. 

[1450] To the resultant mixture, added was an entire volume of potassium hexachloroiridate(lll) 10 minutes after the 
5 solution C and the solution D started to be added so as to attain a concentration of 1 XI 0-* mol/mol of Ag. Furthermore, 
an entire volume of 3X1 0"* mol/mol of Ag of an aqueous solution of potassium iron (II) hexacyanate was added thereto 
5 seconds after completion of such an addition of the solution C. At the point of time when a pH of the resultant mixture 
was adjusted to be 3.8 by using a 0.5 mol/L concentration of sulfuric acid, stirring is stopped and the resultant mixture 
was subjected to sedimentation/desalting/rinsing operations. Thereafter, a pH of the thus-subjected mixture was ad- 
10 justed to be 5.9 by using a 1 mol/L concentration of sodium hydroxide to prepare a silver halide dispersion having a 
pAg of 8.0. Particles contained in the thus-prepared silver halide emulsion were pure silver iodide particles having an 
average sphere-equivalent diameter of 0.037 ^.m and a sphere-equivalent coefficient of variation of 17%. On this oc- 
casion, a particle size and the like were detemriined based on an average of 1000 particles under an electron micro- 
scopic observation. 

15 [1451] Subsequently, while the thus-prepared silver halide dispersion was kept stirring at 38°C, the dispersion was 
added with 5 ml of a 0.34 mass% methanol solution of 1 ,2-benzlsothiazolin-3-one and, 40 minutes after such an ad- 
dition, added with a methanol solution of mixture of a spectral sensitizing dye A and a spectral sensitizing dye B at a 
mixing ratio of 1 :1 in an amount of 1 .2X1 0-3 mol/mol of Ag and. one minute after the above addition, a temperature of 
the resultant dispersion was raised to 47° C. 20 minute after such temperature raising, the resultant dispersion was 

20 added with a methanol solution of sodium benzene thiosulfonate in an amount of 7.6X1 O*^ mol/mol of Ag and, then, 5 
minutes after a pAg of the resultant mixture was adjusted to be 5.5, added with a tellurium sensitizer (bis(N-phynyl-N- 
methylcart3amoyl)telluride) in an amount of 5.1 XIO"* mol/mol of Ag and, then, ripened for 84 minutes. After a pAg of 
the resultant emulsion was adjusted to be 7.5, the emulsion was added with 1 .3 mi of a 0.8 mass% methanol solution 
of N,N'-dihydroxy-N"-diethylmelamine and, 4 minutes after such an addition, added with a methanol solution of 5-me- 

25 thyl-2-mercaptobenzimidazole in an amount of 4.8X10-3 mol/mol of Ag and a methanol solution of 1-phenyl-2-heptyl- 
5-mercapto-1 ,3,4-triazole in an amount of 5.4X10-3 mol/mol of Ag, thereby to obtain a silver halide emulsion, 
[1452] The thus-obtained emulsion was divided into small portions and added with compounds as shown in Table 
10 to prepare silver halide emulsions 1b to 13b. On this occasion, a comparative compound (comparison-1) and a 
comparative compound (comparison-2) denote pyrogallol and hydroquinone, respectively; these compounds are hal- 

30 ogen acceptors described In Journal of Photographic Science, Vol. 8, p. 1 1 9, 1 960 and Journal of Photographic Science, 
Vol.28, p. 163. 1980. 

Preparation of Mixed Emuision for Coating Liquid 

35 [1453] Each of the thus-prepared silver halide emulsions was added with 1-m-{3-methylureido)phenyl-5-mercap- 
totetrazole in an amount of 5X10*3 mol/mol of Ag and, further, added with water to allow a content of silver halide/kg 
of the mixed emulsion for the coating liquid to be 38.2 g in terms of Ag. 

< Preparation of Fatty Acid Stiver Dispersion> 

40 

[1454] A fatty acid silver dispersion was prepared in a same manner and under same conditions as in Example 1 . 

< Preparation of Reducing Agent Dispersion (a)> 

45 [1455] 10 kg of a reducing agent complex-V (complex of 2,2'-methylenebis-(4-ethyl-6-tert-butylphenol) and triphe- 
nylphosphine oxide at a ratio of 1:1), 0.12 kg of triphenylphosphine oxide, 16 kg of a 10 mass% aqueous solution of 
a modified polyvinyl alcohol (Poval MP203; available from Kuraray Co., Ltd.) and 7.2 kg of water were mixed and 
thoroughly stirred to prepare a slunv. The thus-prepared slurry was fed by using a diaphragm pump to a lateral sand 
mill (UVM-2; available from Aimex, Ltd.) filled with zirconia beads having an average diameter of 0.5 mm, dispersed 

50 therein for 4 hours and 30 minutes, added with 0.2 g of a benzoisothiazolinone sodium salt and water such that a 
concentration of the reducing agent complex was adjusted to be 25 mass%, thereby to obtain a reducing agent dis- 
persion (a). Reducing agent complex particles contained in the thus-obtained dispersion were found to have a median 
diameter of 0.46 p.m and a maximum particle diameter of 1 .6 p.m or less. The obtained reducing agent complex dis- 
persion was filtered through a polypropylene filter having a pore diameter of 3.0 ^m to separate dust or other foreign 

55 matters and then stored. 
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< Preparation of Polyhalogen Compound> 

Preparation of Organic Polyhaiogen Compound Dispersion (a) 

[1 456] 1 0 kg of an organic polyhalogen compoun-1 , that is, tribromomethane sulfonylbenzene. 1 0 kg of a 20 mass% 
aqueous solution of a modified polyvinylateohol and 0.4 kg of a 20 mass% aqueous solution of sodium triisopropyl- 
naphthalene sulfonate were added with 14 kg of water and. then, mixed thoroughly to prepare a slurry. The thus- 
prepared slurry was fed by using a diaphragm pump to a lateral sand mill UVM-2 filled with zirconia beads having an 
average diameter of 0.5 mm. dispersed for 5 hours, added with 0.2 g of a benzoisothiazolinone sodium salt and water 
such that a concentration of an organic polyhalogen compound was adjusted to be 26 mass%, thereby to obtain an 
organic polyhalogen compound dispersion (a). Organic polyhalogen compound particles contained in the thus-obtained 
polyhalogen compound dispersion were found to have a median diameter of 0.41 ^m and a maximum particle diameter 
of 2.0 ^tm or less. The obtained organic polyhalogen compound dispersion was filtered through a polypropylene filter 
having a pore size of 1 0.0 jim to separate dust or other foreign matters and then stored. 

Preparation of Organic Polyhaiogen Compound Dispersion (b) 

[1457] 1 0 kg of an organic polyhalogen compound-2. that is. N-butyl-3-tribromomethane sulfonylbenzamide 20 kg 
of a 10 mass% aqueous solution of a modified polyvinylalcohol MP203. 0.4 kg of a 20 mass% aqueous solution of 
sodium triisopropylnaphthalene sulfonate and 8 kg of water were added to one another and, then, thoroughly mixed 
to prepare a slurry. The thus-prepared slurry was fed by using a diaphragm pump to a lateral sand mill UVM-2 filled 
with zirconia beads having an average diameter of 0.5 mm, dispersed for 5 hours, added with 0.2 g of a benzolsothi- 
azolinone sodium salt and water such that a concentration of an organic polyhalogen compound was adjusted to be 
25 mass%. The resultant dispersion was heated at 40''C for 5 hours to obtain an organic polyhalogen compound-3 
dispersion. Organic polyhalogen compound particles contained in the thus-obtained polyhalogen compound dispersion 
were found to have a median diameter of 0.36 ^m and a maximum particle diameter of 1 .5 jim or less. The obtained 
organic polyhalogen compound dispersion was filtered through a polypropylene filter having a pore size of 3.0 iim to 
separate dust or other foreign matters and then stored. 

<r Preparation of Phthaiazine Compound- 1 Soiution> 

[1 458] A phthaiazine compound-1 solution was prepared in a same manner and under same conditions as in Example 

< Preparation ofMercapto Compound-1 Aqueous So!ution> 

[1459] A mercapto compound-1 aqueous solution was prepared in a same manner and under same conditions as 
in Example 1 . 

< Preparation of Pigment-1 Dispersion> 

[1460] A plgment-1 dispersion was prepared In a same manner and under same conditions as in Example 1 . 

< Preparation of SBR Latex Liquid > 

[1461] SBR latex having a Tg of 23°C was prepared In such a manner as described below. 
[1462] 70.5 parts by mass of styrene. 26.5 parts by mass of butadiene and 3 parts by mass of acrylic acid were 
emulsion-polymerized by using ammonium persulfate as a polymerization initiator and an anionic surfactant as an 
emulsifier and. then, subjected to aging at BO^'C for 8 hours. Thereafter, the resultant polymer solution was cooled 
down to 40'C. adjusted so as to have a pH of 7.0 by using ammonia water, added with Sandet-BL (available from 
Sanyo Chemical Industries) so as to attain a concentration of 0.22% and, then, further added with a 5% NaOH aqueous 
solution so as to adjust a pH of the solution to be 8.3 and. thereafter, with ammonia water so as to adjust a pH thereof 
to be 8.4. A molar ratio of Na+ ion: NH4* ion was 1 : 2.3. Further. 0.15 ml of a 7% aqueous solution of a bonzoisothia- 
zolinnone sodium salt, based on 1 kg of the resultant solution, was added to the resultant solution, thereby to prepare 
an SBR latex liquid. ^ r- r 

SBR latex: -St(70.5)-Bu(26.5)-AA(3)-latex 

[1 463] Tg: 23<»C; an average particle diameter: 0.1 ^un; a concentration: 43 mass%; an equilibrium water content at 
25*'C. eoVoRH: 0.6 mass%; ion conductivity: 4.2 mS/cm (measured on a latex stock liquid (43 mass%) at 25«C by using 
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a conductometer CM-30S (available from Toa Electronics Ltd.)); and pH: 8.4. 

[1 464] An SBR latex having a different Tg was prepared in a same manner as in the above by appropriately changing 
a ratio of styrene and butadiene. 

5 (Preparation of Coating Liquid) 

<Preparation of Coating Liquid for Image Forming Layer> 

[1465] 1 000 g of the above-obtained fatty acid sliver dispersion, 1 04 ml of water, 30 g of the pigment-1 dispersion, 
10 6.3 g of the organinc polyhalogen compound dispersion (a), 20.7 g of the organinc polyhalogen compound dispersion 
(b), 173 g of the phthalazine compound-1 solution, 1082 g of the SBR latex (Tg: 23**C) liquid; 258 g of the reducing 
agent dispersion (a) and 9 g of the mercapto compound-1 solution were mixed in order of precedence and, then, a 
silver halide mixed emulsion was added to the resultant mixture such that a quantity of the silver halide mixed emulsion 
became 6.6 mass% against organic acid silver just before it was applied and, thereafter, thoroughly mixed to obtain a 
15 coating liquid for the emulsion layer which was then directly fed to a coating die and applied. 

<Preparatfon of Coating Liquid for Intermediate Layer for Emulsion Surface> 

[1466] A coating liquid for an intennediate layer was prepared by mixing 772 g of a 1 0 mass% aqueous solution of 
20 polyvinyl alcohol PVA-205 (available from Kuraray Co.. Ltd.), 5.3 g of a pigment-1 dispersion, 226 g of a 27.5 mass% 
liquid of methyl methacrylate/styrene/ butyl acrylate/hydroxyethyl methacryl ate/acrylic acid copolymer (copolymeriza- 
tlon ratio by mass of 64/9/20/5/2) latex and 2 ml of a 5 mass% aqueous solution of Aerosol OT, 10.5 ml of a 20 mass% 
aqueous solution of diammonlum phthalate and, then, the thus-prepared coating liquid was added with water to make 
a total quantity thereof up to 880 g and, thereafter, a pH of the thus-made up coating liquid was adjusted to be 7.5 by 
25 NaOH, thereby to prepare a coating liquid for an intermediate layer, which was, then, fed to a coating die so as to attain 
a coating amount of 10 ml/m^. 

Viscosity of the coating liquid measured at 40^*0 using a 8 type viscometer (with No. 1 rotor at 60 rpm) was 65 mPa s. 
<Preparation of Coating Liquid for First Layer of Protective Layer for Emulsion Surface> 

30 

[1 467] A coating liquid for a first layer of a protective layer for an emulsion surface was prepared in a same manner 
and under same conditions as in Example 1 . 

<Preparation of Coating Liquid for Second Layer of Protective Layer for Emulsion Surface> 

35 

[1468] 80 g of inert gelatin was dissolved in water and, then, added to the resultant solution were 102 g of a 27.5 
mass% solution of methyl methacrylate/styrene/butylacrylate/hydroxyethyl methacrylate/acrylic acid copolymer (copo- 
lymerization ratio by mass of 64/9/20/5/2) latex, 3.2ml of a 5 mass% solution of the fluorinated surfactant (F-1b: N- 
perfluorooctylsulfonyl-N-propylalanine potassium salt), 32 ml of a 2 mass% aqueous solution of the fluorinated sur- 

40 factant (F-2b: polyethylene glycol mono(N-perfluorooctylsulfonyl-N-propyl-2-aminoethyl) ether [average degree of po- 
lymerization of ethylene oxide: 15], 23 ml of a 5 mass% solution of Aerosol OT (available from American Cyanamlde 
Corporation), 4 g of polymethylmethacrylate fine particles (average particle diameter: 0.7 nm), 21 g of polymethylmeth- 
acrylate fine particles (average particle diameter: 4.5 jxm), 1 .6 g of 4-methylphthallc acid, 4.8 g of phthallc acid, 44 ml 
of a 0.5 mol/L concentration of sulfuric acid and 1 0 mg of benzoisothiazolinone, and, then, a total weight of the resultant 

45 coating liquid was made up to 650 g by adding water, thereby to prepare a coating liquid. The thus-prepared coating 
liquid was mixed with 445 mi of an aqueous solution containing 4 mass% of chrome alum solution and 0.67 mass% of 
phthallc acid by using a static mixer immediately before the coating and fed to a coating die so as to attain a coating 
amount of 8.3 ml/m^. 

[1469] Viscosity of the coating liquid measured at 40'*C by using a B type viscometer (with No. 1 rotor at 60 rpm) 
50 was 1 9 mPa s. 

(Preparation of Photothermographic f^aterial) 

[1470] On a surf ace opposite to the back surf ace, an emulsion layer, an intemnediate layer, a first layer of a protective 
55 layer and a second layer of the protective layer were simultaneously coated in a stacked manner in this order by using 
a slide bead application method, thereby to obtain a sample of a photothennographic material. At this time, tempera- 
tures of coating liquids of the emulsion layer and the intennediate layer were adjusted to be 31 ^'C. while temperatures 
of the first layer of the protective layer and the second layer of the protective layer were adjusted to be 36*^0 and 37*^0 , 
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respectively. 

[1471] Coated quantities (g/m^) of respective compounds in the emulsion layer are as follows: 



Silver behenate 


6.19 


Pigment (C. 1. Pigment Blue 60) 


0.036 


Polyhalogen compound-1 


0.04 


Polyhalogen compound-2 


0.12 


Phthalazine compound-1 


0.21 


SBR latex 


11.1 


Reducing agent complex-V 


1.54 


Mercapto compound-1 


0.002 


Silver halide (in temis of Ag) 


0.10 



Coating and drying conditions are as follows: 

[1472] Coating was performed at a speed of 1 60 m/min while keeping a gap between a leading end of a coating die 
and a support to be from 0.1 0 mm to 0.30 mm and keeping a pressure in a reduced pressure chamber lower by from 
196 Pa to 882 Pa than the atmospheric pressure. The support was blown with ion wind before the coating to cancel 
electricity. 

[1473] Next, the coated liquid was cooled in a chilling zone by blowing wind having a dry-bulb temperature of from 
1 0'^C to 20'C and, then, transfen-ed into a helical non-contact type drying apparatus In a non-contact type manner and, 
thereafter, dried therein by a drying wind having a dry-bulb temperature of from 23*»C to 45''C and a wet-bulb temper- 
ature of from 15«»C to 21 «C to obtain coating samples 21 to 27. After being dried, the thus-dried samples were condi- 
tioned at 25°C. from 40 %RH to 60 %RH and, then, a surface of the resultant layer was heated up to from 70*»C to 
90°C and, subsequently, cooled down to 25°C. 

[1474] A degree of matting expressed by Beck smoothness of the thus-prepared photothenmographic material was 
found to be 550 seconds for the photosensitive layer side and 130 seconds for the back surface side. Further, a pH of 
the layer surface on a photosensitive layer side was measured and found to be 6.0. 

[1475] Chemical structures of compounds used in embodiments according to the invention are shown below. 



Spectral sensitizing dye A 




CH-CH=<^CH-< 
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Basic precursor compound-l 

hi M 

© ® 

C2H5-N jJ-CzHs 
)3-NHC2H4NH— q 

C2H5-N Iji-CzHg 

HI H 



Cyanine dye compound-l 
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Blue dye coinpound-1 



NaOgS 




©/C2H5 



25 



50 



Ye I low dye compound-l 




NaOgS 



SOsNa 



^ F-lb CflFiTSOg-rvJ-CHgCOOK 

C3H7(n) 

40 

F-2b C8Fi7S02-IJJ-CH2CH20-(CH2CH20)„-H 

^3'^7(n) n=15 (average) 

45 

F-3b CsFi7SO2-l|J-(CH2CH20)4(CH2)3S03Na 

F-4b CgF^SOgK 
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Evaluation of Photographic Performance 

(Preparation) 

5 [1 476] The obtained samples were each cut out to be a size of 5 1 6 mmx728 mm, packaged by a packaging material 
described below under an atmosphere of 25*'C and 50% RH and stored at normal temperature for 2 weeks. 

(Packaging f\/latehal) 

10 [1477] PET: 10 p,m/PE: 1 2 p.m/aluminum foil: 9 p.m/Ny: 15 nm/polyethylene containing 3% of carbon: 50 p.m; 
oxygen pemneability: 0,02 ml/atm.m2.25°C-day; and water pemrieability: 0.10 g/atm-m2.25''C-day. . 
[1478] The above-described photothemnographic material was evaluated in a manner as described below. 

(Exposure of Photothermographic Materiai) 

IS 

[1 479] The photothennographic material was subjected to exposure processing In a manner as described below. 
[1 480] The obtained samples were exposed and themrtally developed by a remodeled type of Fuji Medical Dry Laser 
Imager FM-DPL. Such exposure was perfonned by irradiating the photothermographic material with a semiconductor 
laser beam from a 660-nm semiconductor laser device having a maximum output of 60 mW (II IB) provided in such a 
20 remodeled Fuji Medical Dry Laser Imager FM-DPL while stopping down a beam diameter to be 1 00 p.m X 1 00 |im. The 
exposure was performed by changing quantities of light exposure stepwise. Such development was performed by 
setting temperatures of 4 plates constituting a panel heater to be 112<'C-119°C-121*'C-121*'C. A time period of the 
exposure was 24 seconds In total. 

25 (Evaluation of Sample) 

[1481] The evaluations of obtained images were performed by measuring densities thereof by using a Macbeth-type 
densitometer and constructing a characteristic curve of density against a logarithm of a quantity of exposing light. 
Gamma which denotes gradation was measured by a method which was defined prior to construction of the charac- 

30 teristic curve. Further, a number of developed silver which contacted silver halide was measured in accordance with 
a previously defined method. As for sensitivity, an optical density of an unexposed portion was defined as fog (Dmin) 
while an optical density of an exposed portion which has been exposed to a largest amount of exposing light was 
defined as Dmax; on this occasion, a reciprocal number of an exposure amount which can obtain an optical density 
of Dmin+2.0 was defined as sensitivity. The thus-defined sensitivity was shown as a relative value against the sensitivity 

35 of a sample 1b which was taken as 1 00. It is found that, as the value is larger, the sensitivity is higher. 
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[1 482] As is apparent from the results, though sensitivity has increased to a snnall extent even when a known halogen 
acceptor was added to silver iodide, a remarkable increase of sensitivity was noticed by adding a compound according 
to the eighteenth embodiment of the invention. Further, Dmax has simultaneously increased in many cases. This was 
an unexpectedly favorable result. 

5 

Example 13 

[1483] A silver Iodide emulsion was prepared in a same manner as in the silver halide emulsion 1b according to 
Example 12 except that a selenium sensitizer, that is, pentafluorophenyldiphenylphosphine selenide, was used in an 

10 amount of 5.1X1 0 '* mol/mol of Ag instead of tellurium sensitizer and, then, the thus-prepared silver iodide emulsion 
was divided to small portions which were then added with compounds as shown in Table 1 1 ; thereafter, coating samples 
21b to 28b were prepared in a same manner as in Example 12. A comparative compound-1 and a comparative com- 
pound-2 are same compounds as those in Example 12, respectively. Subsequently, same processing was perfomied 
as in Example 12 to obtain results as shown in Table 1 1 . The relative sensitivity was shown against that of sample 21 b 

IS which was taken as 1 00. 
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As is apparent from Table 11 , even in a silver Iodide emulsion sensitized by selenium, a remarkable increase of sen- 
sitivity and, at the same time, an increase of Dmax were obtained by using the compound according to the eighteenth 
embodiment of the invention. On the other hand, only a small increase of sensitivity was noticed when a conventional 
compound was used. 

5 

Example 14 

[1 484] A silver Iodide emulsion was prepared in a same manner as in the silver halide emulsion according to Example 
12 except that the sensitizing agents A and B and a tellurium sensitizer were not added to allow it to be In a non- 

10 chemically sensitized state and, then, divided into small portions and, thereafter, the resultant small portions were 
added with compounds as shown in Table 12 to obtain coating samples 31b to 39b in a same manner as in Example 
12. Further, a comparative compound-1 and a comparative compound-2 are same compounds as those in Example 
12, respectively. Subsequently, same processing was performed as in Example 12 except that a 405-nm blue laser 
beam was used. The results are shown in Table 12. On this occasion, a relative sensitivity was shown against that of 

IS the sample 31 b which was taken as 1 00. 
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[1 485] As is apparent from Table 1 2, when a silver iodide which was not chemically sensitized was used, a remarkable 
increase of sensitivity and an increase of Dmax were obtained by using a compound according to the invention. On the 
other hand, there was a small increase of sensitivity when a conventional compound was used. 

5 Example 15 

[1486] As a result of performing thermal development for 14 seconds by changing a transfer speed of the thermal 
development apparatus, favorable increases in sensitivity and Dmax were obtained by using a compound according to 
the eighteenth embodiment of the invention in a same manner as in Example 14. 

10 

Example 16 . 

[1487] Image samples obtained by thermally developing samples 1b to 13b, samples 21b to 28b and samples 31b 
to 39b were exposed under a fluorescence light of 1000 luxes for 3 days and, as a result, none of the samples showed 
15 a printout phenomenon at all. All of the samples showed a high light fastness derived from the employment of silver 
iodide emulsion. 

Example 17 

20 [1488] A photosensitive silver halide emulsion (pure silver iodide; average particle size: 0.029 \irr\) was prepared in 
a same manner as in the silver halide emulsion according to Example 12 except for changes described below. 

(1) The addition time period of the solutions A and B was changed from 9 minutes to 3 minutes, while that of the 
solutions C and D was changed from 120 minutes to 40 minutes. 
25 (jj) The quantity of the aqueous solution of potassium iron (II) hexacyanate to be added was changed from 3X1 0"^ 

mol/mol of Ag to 2X1 0'^ mol/mol of Ag. 

(lii) The sensitizing dyes A and B were not added, (color sensitization not perfomied). 
(iv) The tellurium sensitizer was not added, (chemical sensitization not performed). 

30 [1 489] The obtained silver halide emulsion was divided into small portions which were, then, added with components 
described In Table 13 and, thereafter, subjected to same procedures as those in Example 1 2 to obtain coating samples 
41b to 50b. 

[1 490] The thuS'Obtained coating samples were thermally developed by being exposed by a 405-nm blue laser beam 
to examine photographic performance. The obtained results are shown in Table 13. As is apparent from Table 13, an 
35 increase of sensitivity and a remarkable Increase of D^g^ were obtained by adding the compound according to the 
Invention to the silver iodide emulsion which has not been chemically sensitized. 
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Example 18 

[1 491 ] A sample was prepared In a same manner as in Example 1 2 except that a reducing agent-2' and a hydrogen 
bonding type compound-1 as described below were used instead of the reducing agent-1 ' in the dispersions described 
5 below to evaluate photographic performance thereof in a same manner as in Example 12. On this occasion, the sample 
having a constitution according to the invention showed a same favorable result as in Example 12. 

Preparation of Reducing agent'2' Dispersion 

10 [1 492] A mixture of 1 0 kg of a reducing agent-2' and 20 kg of a 1 0 mass% aqueous solution of a modified polyvinyl 
alcohol MP203 was added with 6 kg of water and thoroughly mixed therebetween to prepare a slurry. The thus-prepared 
slurry was fed by using a diaphragm pump to a lateral sand mill UVM-2 filled with zirconia beads having an average 
diameter of 0.5 mm, dispersed therein for 3 hours and 30 minutes, added with 0.2 g of a benzoisothiazolinone sodium 
salt and water such that a concentration of the reducing agent was adjusted to be 25 mass7o, thereby to obtain a 

15 reducing agent-5' dispersion. Reducing agent particles contained in the thus-obtained reducing agent dispersion were 
found to have a median diameter of 0.38 jim and a maximum particle diameter of 1 .5 ^m or less. The obtained reducing 
agent dispersion was filtered through a polypropylene filter having a pore diameter of 3.0 \im to separate dust or other 
foreign matters and then stored. 

20 Preparation of Hydrogen Bonding Type Compound-1 Dispersion 

[1493] A mixture of 10 kg of a hydrogen bonding type compound-1 and 20 kg of a 10 mass% aqueous solution of a 
modified polyvinyl alcohol MP203 was added with 1 0 kg of water and thoroughly mixed therebetween to prepare a 
slurry. The thus-prepared slurry was fed by using a diaphragm pump to a lateral sand mill UVM-2 filled with zirconia 

25 beads having an average diameter of 0.5 mm, dispersed therein for 3 hours and 30 minutes, added with 0.2 g of a 
benzoisothiazolinone sodium salt and water such that a concentration of the reducing agent was adjusted to be 22 
mass%, thereby to obtain a hydrogen bonding type compound-1 dispersion. Hydrogen bonding type compound parti- 
cles contained in the thus-obtained dispersion were found to have a median diameter of 0.35 \vm and a maximum 
particle diameter of 1 .5 \im or less. The obtained reducing agent dispersion was filtered through a polypropylene filter 

30 having a pore diameter of 3.0 ^m to separate dust or other foreign matters and then stored. 

[1494] Coated quantities (g/m^ of respective compounds in the image fonming layer are as follows: 



Silver behenate 


6.0 


Reducing agent-2' 


0.76 


Hydrogen bonding type compound-1 


0.59 


Pigment (C. 1. Pigment Blue 60) 


0.032 


Polyhalogen compound-1 


0.04 


Polyhalogen compound-2 


0.12 


Phthalazine compound-1 


0.21 


SBR latex 


11.1 


Mercapto compound-1 


0.002 


Silver halide (in terms of Ag) 


0.09 



Example 19 

[1495] A sample was prepared in a same manner as in Example 1 8 except that a reducing agent-3* was used (added 
after being similarly changed into dispersion fornn) instead of the reducing agent-2' and a dispersion of a development 
accelerator-1 as described below was added such that a quantity of the development accelerator is allowed to be 0.01 

g/m2, 

[1496] When a feeding speed of a thermal development apparatus was changed such that a time period of thermal 
development was reduced to be 14 seconds to perform development processing, the sample having a constitution 
according to the invention showed a same favorable result as in Example 18. 

Preparation of Development Accelerator-I Dispersion 

[1497] A development accelerator-1 dispersion was prepared In a same manner and under same conditions as In 
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Example 1 . 

[0321] 

5 



10 




Reducing agent-2' Reducing agent-3* 

15 



20 



25 



30 



NHNHCONH- 





Development accelerator-1 



Hydrogen bonding type compound-1 



35 



40 



50 



55 



[1 498] Thus, according to the present invention, the eighteenth embodiment of photothermographic materials having 
a high sensitivity, a low Dmin and a high Dmax can be provided. 

-Examples of Thirty-sixth Embodiment- 

[1499] Then, the thirty-sixth embodiment of the photothermographic material according to this invention is to be 
described specifically by way of examples but the invention is not restricted to them. 

Example 20 

Preparation and surface corona treatment of PET support 

[1 500] A PET support was prepared and applied with a surface corona treatment in the same manner and under the 
same conditions as those in Example 1 of the first embodiment of the photothermographic material accordinq to this 
Invention. 

Preparation of Undercoated Support 

[1501] An undercoated support was prepared by the same method and under the same conditions as those in Ex- 
ample 1. 

Preparation of Coating Liquid for Back Surface 

(Preparation of Solid fine particles dispersion (a") of Basic Precursor) 

[1 502] 64 g of a basic precursor compound 1 1 , 28 g of diphenyl sulfone and 1 0 g of a surfactant DEMOL N manu- 
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factured by Kao Co. were mixed with 220 ml of distilled water and a liquid mixture was put to bead dispersion using a 
sand mill (1/4 gallon sand grinder mill, manufactured by IMEX Co.) to obtain a solid fine particle liquid dispersion (a") 
of a basic precursor compound with an average grain size of 0.2 ^m. 

5 (Preparation of Solid Fine Particle Dispersion of Dye) 

[1503] 9.6 g of a cyanine dye compound 13 and 5.8 g of sodium p-dodecylbenzene sulfonate were mixed with 305 
ml of distilled water and the liquid mixture was put to bead dispersion by using a sand mill (1/4 gallon sand grinder mill, 
manufactured by IMEX Co.) to obtain a solid fine particle dispersion of dye with an average grain size of 0.2 \im. 

10 

(Preparation of Coating Liquid for Anti-halation Layer) 

[1504] 17 g of gelatin, 9.6 g of polyacrylamide, 70 g of solid fine particle liquid dispersion (a) of the basic precursor, 
56 g of the solid fine particle dye liquid dispersion, 1 .5 g of fine particle mono-dispersed polymethyl methacrylate 
IS (average grain size: 8 jim, grain size standard deviation: 0.4), 0.03 g of benzoisothiazolinone, 2.2 g of sodium poly- 
ethylene sulfonate, 0.2 g of a blue dye compound 14, 3.9 g of a yellow dye compound 15, and 844 ml of water were 
mixed to prepare an anti-halation layer coating liquid. 

(Preparation of Coating Liquid for Protective Layer on Bacf< Surface) 

20 

[1505] A vessel was kept at a temperature of 40'C, and 50 g of gelatin, 0.2 g of sodium polystyrene sulfonate, 2.4 
g of N,N-ethylenebls(vlnylsulfoneacetoamide), 1 g of sodium t-octylphenoxyethoxyethane sulfonate, 30 mg of benzoi- 
sothiazolinone, 37 mg of a fluoro-surfactant (F-1c: potassium N-perfiuorooctylsulfonyl-N-propylalanine), 0.1 5g of a 
f luoro-surfactant (F-2c: polyethylene glycol mono(N-perfluorooctylsulfonyl-N-propyl-2-aminoethyl) ether [ethylene ox- 
25 ide average polymerization degree 1 5]), 64 mg of a fluoro-surfactant (F-3c), 32 mg of a fluoro-surfactant (F-4c), 8.8 g 
of acrylic acid/ethyl aery late copolymer (copolymer mass ratio 5/95), 0.6 g of aerosol OT (manufactured by American 
Cyanimlde Co.), 1 .8 g of liquid paraffin emulsion as liquid paraffin and 950 ml of water were mixed to obtain a back 
surface protective layer coating liquid. 

30 Preparation of Silver Halide Emulsion 

<Preparation of Silver Halide Emulsion 1c> 

[1506] A solution formed by adding 4.3 ml of a 1 mass% potassium iodide solution and further adding 3.5 ml of 
35 sulfuric acid at 0.5 mol/L concentration and 36.7 g of gelatin phthalide to 1 420 ml of distilled water was kept at a solution 
temperature of 42*'C while stirring in a stainless steel reaction pot, to which a solution A formed by adding distilled 
water to 22.22 g of silver nitrate to dilute to 195.6 ml and a solution B fornied by diluting 21 .8 g of potassium Iodide 
with distilled water to 21 8 ml volume were added entirety at a constant flow rate for 9 min. Then, 1 0 ml of an aqueous 
3.5 mass% solution of hydrogen peroxide was added and, further, 10.8 ml of an aqueous 10 mass% solution of ben- 
40 zimidazole were added. Further, a solution C formed by adding distilled water to 51 .86 g of silver nitrate to dilute to 
31 7.5 ml and a solution D formed by diluting 60 g of potassium iodide with distilled water to 600 ml volume were added 
in which the solution C was added entirely at a constant flow rate for 120 mIn, while the solution D was added by a 
controlled double jet method while keeping pAg at 8.1 . Further, an aqueous solution of potassium hexachloroiridate 
(III) was added entirely so as to be 1 x 10-"^ mol per one mol of silver 10 min after starting addition of the solution C 
45 and the solution D. Further, an aqueous solution of potassium iron (11) hexacyanlde was added entirely so as to be 3 
X lO--* mol per one mol of silver 5 sec after the completion of addition of the solution C. pH was adjusted to 3.8 by 
using sulfuric acid at 0.5 mol/L concentration, stirring was stopped and a precipitation/desaltlng/water washing step 
was conducted. pH was adjusted to 5.9 by using sodium hydroxide at 1 mol/L concentration to prepare a silver halide 
dispersion at pAg of 8.0. 

50 [1507] The silver halide dispersion was kept at 38*'C while stimng, to which 5 ml of a methanol solution containing 
0.34 mass% 1 ,2-benzoisothiazolin-3-one was added and, after 40 min, a methanol solution of a spectral sensitizer A 
and a sensitizer B at a 1 :1 molar ratio was added by 1 .2 x 1 0-3 mol as a total for the sensitizers A and B per 1 mol of 
silver and the temperature was elevated to 48°C after one min. 20 min after the temperature elevation, a methanol 
solution of sodium benzenethiosulfonate was added by 7.6 x 1 0-5 mol per one mol of silver and, further five min after, 

55 sodium thiosulfate was added by 6.2 x 1 0"^ mol per one mol of sliver and aged for 91 min. 1 .3 ml of a methanol solution 
of 0.8 mass% N.N'-dihydroxy-N"-diethyl melamine was added and, further 4 min after, a methanol solution of 5-methyl- 
2-mercaptobenzimidazole was added by 4.8 x 10-^ mol per 1 mol of silver, and a methanol solution of 1-phenyl- 
2-heptyl-5-mercapto-1 .3,4-triazole was added by 5.4 x 10*3 mol per 1 mol of silver to prepare a silver halide emulsion 
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1c. 

[1 508] Particles in the silver halide emulsion that could be prepared were pure silver halide particles with an average 
sphere-equivalent diameter of 0.040 ^m, and with 18% variation coefficient for the sphere-equivalent diameter. The 
particle size and the like were determined as an average for 1000 particles by using an electron microscope. 

<Preparation of Mixed Emulsion for Coating Liquid > 

[1509] A silver halide emulsion 1c was dissolved and benzothiazolium iodide was added as an aqueous 1 mass% 
solution by 7 X 1 0*3 mol per one mol of silver. Further, water was added such that the content of the silver halide per 
1 kg of the emulsion mixture for coating liquid was 38.2 g as silver. 

< Preparation of Fatty Acid Silver Dispersion > 

[1510] A fatty acid silver dispersion was prepared In the same method and under the same conditions as those in 
Example 1 . 

(Preparation of Reducing Agent Dispersion) 

< Preparation of Reducing Agent Complex-Sc Dispersion> 

[1 511] 7.2 kg of water was added to 1 0 kg of a reducing agent complex-3c (1 :1 complex of 2.2'-methylenebls-(4-ethy- 
ol-6-tert-butylphenol) and triphenylphosphine oxide), 0. 12 kg of triphenylphosphine oxide and 1 6 kg of an aqueous 1 0 
mass% solution of modified polyvinyl alcohol (Poval MP203, manufactured by Kuraray Co.) and mixed thoroughly to 
prepare a sluny. After supplying the slurry by a diaphragm pump and dispersing the same by a lateral sand mill (UVM- 
2, manufactured by IMEX Co.) filled with zirconia beads of 0.5 mm in average diameter for 4 hours and 30 min 0 2 g 
of benzothizolinone sodium salt and water were added such that the concentration of the reducing agent complex was 
25 mass%, to obtain a reducing agent complex - 3 dispersion. The reducing agent complex particles contained in the 
thus obtained reducing agent complex dispersion had an median diameter of 0.46 jim and a maximum grain size of 
1 .6 }im or less. The resultant reducing agent complex dispersion was filtered through a filter made of polypropylene 
with a pore size of 3.0 ^m, to remove obstacles such as dusts and then stored. 

(Preparation of Polyhalogen Compound) 

< Preparation of Organic Polyhalogen Compound - 2c Dispersion> 

11512] 1 0 kg of an organic poiyhalogen compound - 2c (tribromomethane sulfonyl benzene). 1 0 kg of an aqueous 
20 mass% solution of modified polyvinyl alcohol (Poval MP203, manufactured by Kuraray Co.). 0.4 kg of an aqueous 
20 mass% solution of sodium triisopropyl naphtnalene sulfonate, and 1 4 kg of water were added and mixed thoroughly 
to form a slurry. After supplying the slurry by a diaphragm pump and dispersing the same in a lateral sand mill (UVM- 
2: manufactured by IMEX Co.) filled with zirconia beads of 0.5 mm in average diameter, 0.2 g of benzoisothazoline 
sodium salt and water were added such that the concentration of the organic polyhalogen compound was 26 mass% 
to obtain an organic polyhalogen compound-2c dispersion. The organic polyhalogen compound particles contained in 
the polyhalogen compound dispersion thus obtained had 0.41 jim of a median diameter and 2.0 nm or less of a max- 
imum gram size. The obtained dispersion of the organic polyhalogen compound was filtered through a polypropylene 
filter with a pore size of 10.0 jim to remove obstacles such as dusts and then stored. 

<Preparation of Organic Polyhsdogen Compound - 3c Dispersion> 

[1513] 10 kg of an organic polyhalogen compound - 3c (N-butyl-3-tribromomethane sulfonyl benzamide) 20 kg of 
an aqueous 20 mass% solution of modified polyvinyl alcohol (Poval MP203, manufactured by Kuraray Co ) 'o 4 kg of 
an aqueous 20 mass% solution of sodium triisopropyl naphtnalene sulfonate, and 8 kg of water were added and mixed 
^ supplying the slurry by a diaphragm pump and dispersing the same in a lateral sand 

mill (UVM-2: manufactured by IMEX Co.) filled with zirconia beads of 0.5 mm in average diameter 0 2 g of sodium 
benzoisothazoline salt and water were added such that the concentration of the organic polyhalogen compound was 
25 mass%. The liquid dispersion was warmed to 40°C for 5 hours to obtain an organic polyhalogen compound-Sc 
dispersion. The organic polyhalogen compound particles contained in the polyhalogen compound dispersion thus ob- 
tained had 0.36 Jim of a median diameter and 1 .5 »im or less of a maximum grain size. The obtained dispersion of the 
organic polyhalogencompoundwasfilteredthroughapolypropylenefilterwithaporesizeofS.Oumtoremoveobstacles 
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such as dusts and then stored. 

<Preparation of Phthalazine Compound- 1c Solution> 

s [1514] 8 kg of modified polyvinyl alcohol MP203 manufactured by Kuraray Co. was dissolved in 1 74.57 kg of water 
and then 3.15 kg of an aqueous 20 mass% solution of sodium triisopropyl naphthalene sulfonate and 14.28 kg of an 
aqueous 70 mass% solution of phthalazine compound- 1c (6-lsopropylphthalazine) were added to prepare a 5 mass% 
solution of a phthalazine compound-lc. 

10 < Preparation of Aqueous Solution of Mercapto Compound- 1c> 

[151 5] 7 g of mercapto compound-lc (1 -(3-sulfophenyl)-6-sodium mercaptotetrazole) was dissolved in 993 g of water 
to form an aqueous 01 7 mass% solution. 

IS <Preparation of Dye- 1 Disper$ion> 

[1516] The dye-1 dispersion was prepared by the same method and under the same conditions as those In Example 
1 of this invention. 

20 <Preparation of SBR iatex liquid> 

[1517] SBR latex with Tg = 23°C was prepared as described below. 

[1518] Atter emulsion polymerization of 70.5 mass parts of styrene, 26.5 mass parts of butadiene and 3 mass parts 
of acrylic acid by using ammonium persulfate as a polymerization Initiator and an anionic surfactant as an emulsifier, 
25 they were aged at B0°C for 8 hours. Then they were cooled to 40*'C and adjusted to pH 7.0 with aqueous ammonia, 
and SANDET BL manufactured by Sanyo Kasei Co. was added so as to be 0.22%. Then, an aqueous 5% sodium 
hydroxide solution was added to adjust pH to 8.3 and, pH was further adjusted to 8.4 with aqueous ammonia. The 
molar ratio between Na+ ions and NH4+ Ions used herein was 1:2.3. Further, 0.15 ml of an aqueous 7% solution of 
sodium benzolsothiazolinone was added to 1 kg of the liquid to prepare an SBR latex liquid. 

30 

(SBR latex: St(70.5)-Bu(26.5)-AA(3)-latex) 

[1519] Tg = 23**C, average grain size: 0.12 fim, concentration: 43 mass%, equilibrium water content at 25''C, 60% 
RH: 0.6 mass%, ionic conductivity: 4,2 mS/cm (ionic conductivity was measured for a latex stock liquid (43 mass%) 
35 at 25'C by using a conductivity meter CM-30S manufactured by Toa Denpa Industry Co.), pH: 8.4. 

[1520] SBR latexes of different Tg were prepared by the same method while properly changing the styrene and 
butadiene ratio. 

<PreparaUon of Emulsion Layer (light sensitive layer (image forming layer)) Coating Liquid-1c> 

40 

[1 521 ] 1 000 g of the fatty acid silver dispersion obtained as described above, 1 04 ml of water, 30 g of dye-l dispersion, 
6.3 g of organic polyhalogen compound-2c dispersion, 20.7 g of organic polyhalogen compound-Sc dispersion, 173 g 
of a phthalazine compound-lc solution, 1082 g of SBR latex (Tg = 23''C) liquid, 258 g of a reducing agent complex- 
3c dispersion and 9 g of mercapto compound-1 c solution were added successively, and the silver halide mixed emulsion 
45 was added and mixed thoroughly such that the amount thereof to the organic acid silver salt as shown in Table 1 4 just 
before coating, and the emulsion layer coating liquid was supplied as it was to a coating die and coated. 

<Preparation of Emulsion Surface Intermediate Layer Coating Liquid> 

so [1522] To 772 of an aqueous 1 0 mass% solution of polyvinyl alcohol PVA-205 (manufactured by Kuraray Co.), 4.3 . 
g of 28 mass% dispersion of the dye, and 226 g of a liquid of 27.5 mass% of methyl methacrylate/styrene/butylacrylate/ 
hydroxyethyl methacry late/acrylic acid copolymer latex (copolymer mass ratio: 64/9/20/5/2), were added 2 ml of an 
aqueous 5 mass% solution of aerosol OT (manufactured by American Cyanamide Co.), 10.5 ml of an aqueous 20 
mass% solution of 2-ammonium phthalate and water to make-up the total amount to 880 g, and pH was adjusted to 

55 7.5 with NaOH to f omri a intermediate layer coating liquid, which was then supplied to a coaling die so as to be 1 0 ml/m^. 
[1 523] The viscosity of the coating liquid was 65[mPa-s] when measured by a B-type viscometer at 40**C (No. 1 rotor, 
60 rpm). 
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<Preparation of coating liquid for first emulsion surface protective layer> 

[1 524] The coating liquid for a first emulsion surface protective layer was prepared in the same manner and under 
the same conditions as those in Example 1 of this invention. 

<Preparation of Coating Liquid for Second Emulsion Surface Protective Layer> 

[1525] 80 g of inert gelatin was dissolved In water, and water to make-up the total to 650 g was added to 1 02 g of 
27.5 mass % methyl methacryiate/styrene/butylacrylate/hydroxyethyl methacrylate/acrylic acid copolymer (copolym- 
erization mass ratio: 64/9/20/5/2) latex liquid. 3.2 ml of a 5 mass% solution of fluoro surfactant (F-1c: potassium N- 
perfluorooctylsulfonyl-N-propylaniline salt). 32 ml of an aqueous 2 mass% solution of fluoro surfactant {F-2c: polyeth- 
ylene glycol mono(N-perfluorooctyisulfonyl-N-propyl-2-aminoethyl ether [ethylene oxide average polymerization de- 
gree = 15]), 23 ml of a 5 mass% solution of aerosol OT (manufactured by American Cyanamlde Co.), 4 g of fine 
polymethyl methacrylate particles (average grain size 0.7 jim). 21 g of fine poiymethyl methacrylate particles (average 
grain size 4.5 ^m), 1 .6 g of 4-methyl phthalic acid, 4.8 g of phthalic acid, 44 ml of sulfuric acid at 0.5 mol/L concentration 
and 10 mg of benzoisothiazolinone, to which 445 ml of an aqueous solution containing 4 mass% of chromium alum 
and 0.67 mass% of phthalic acid were mixed by a static mixer just before coating to prepare a surface protective layer 
coating liquid and it was supplied to a coating die so as to be 8.3 ml/m^. 

[1526] The viscosity of the coating liquid was 19 [mPa-s] when measured by a B-type viscometer at 40^0 (No. 1 
rotor, 60 rpm). 

<Preparation of Photothermographic Maten'al - 1o 

[1527] An anti-halation layer coating liquid was coated such that the solid coating amount of fine solid dye particles 
was 0.04 g/m2 and a back surface protection layer coating liquid was coated such that the gelatin coating amount was 
1 .7 g/m2 simultaneously in stack on the back surface of the undercoated support, which were dried to prepare a back 
layer. 

[1528] An emulsion layer, an intemnediate layer, a first protective layer and a second protective layer were coated 
simultaneously in stack from the substratum surface on the side opposite to the back surface by a slide bead coating 
method to prepare a sample of a photothermographic material. In this case, the temperature was adjusted to SS^'C for 
the emulsion layer and the intemriedlate layer, to 36»C for the first protective layer and to 37«>C for the second protective 
layer. 

[1529] The coating amount for each of the compounds of the emulsion layer (g/m^) Is as shown below. 



Silver behenate 


6.19 


Dye (C.I. Pigment Blue 60) 


0.036 


Polyhalogen compound-2c 


0.04 


Polyhalogen compound-3c 


0.12 


phthalazine compound-lc 


0.21 


SBR latex 


11.1 


Reducing agent complex-3c 


1.54 


Mercapto compound-1c 


0.002 


Silver halide (As Ag) 


0.10 



[1 530] The coating and drying conditions are as follows. 

[1 531 ] Coating was conducted at a speed of 1 60 nn/min with the gap between the top end of the coating die and the 
support as 0.1 0 - 0.30 mm and the pressure in a depressurization chamber was set lower by 1 96 - 882 Pa relative to 
the atmospheric pressure. Static charges on the support were eliminated by an ionic blow before coating. 
[1532] In the subsequent chilling zone, after cooling the coating liquid by a blow at a dry-bulb temperature of 1 0 - 
20*»C, it was conveyed in a contactless manner and dried in a helical contactless type drying apparatus by a drying 
blow at a dry-bulb temperature of 23 to 45*'C and a wet-bulb temperature of 15 to 21 °C. 

[1 533] After drying and after controlling the humidity to 40 - 60% RH at 25°C. it was heated such that the film surface 
was at 70 to 90**C. After heating, the film surface was cooled to 25**C. 

[1534] The degree of matte of the thus prepared photothermographic material was 550 sec on the side of the light 
sensitive layer and 130 sec on the back surface being expressed as the Beckmann smoothness. Further, pH at the 
film surface on the side of the light sensitive layer was measured to be 6.0. 
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[1535] Chemical structures of compounds used in examples of the invention are shown below. 



10 



15 



20 



25 



35 



40 



45 



Spectral sensitizer A 

>=CH-CH=C~CH=< T 




Spectral sensitizer B 




O Q s 

>=CH-CH=C— CH=< 1 

I u 6 CH2COOH 



^ Tellurium sensitizer C 

Q Q Reducing sensitizer C 



Basic precursor compound II 

H H 

^C-NH-C2H4-NH-C'^ 
so H ,^ 



[ ^-SOa-^-sOgCH^COd 



55 



265 



EP 1 308 776 A2 



Cyanine dye compound 1 3 




Br 



ccxrayy 



Blue dye compound 14 



NaOgS 




Yellow dye compound 1 5 
H3C 



SOgNa 



SOsNa 



(Reducing agent-] C) 



(Reducing 8gent-2C) 
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(F-lc) CgFiySOg— N-CHgCOOK 

(F-2c) CaFiySOa-N-CHaCHsO-fcHjCHaO^^H 
^"^^"^ n=15 (avenge) 



CF-3C) C8Fi7S02~N-fcH2CH203^CHaCH2CH2CH2SOaNa 



(F-4C) C8F„Sp3K 
(F-5c) CFaCCFajnCHgCHjSCHgCHjCOOLi 

Mixture for n=5~11 

(F-6C) CF3(CF2)„CH2CH20(CH2CH20)„H 
Mixture for n=5— 11 m=5~15 
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(F-7C) CF3(CF2)„CH2CH2S03Na 

Mixture for n=5— 11 

5 

(F-8c) CfiF^jCHgCHgSOgLi 

[1536] The obtained samples were cut each into a half-cut size, packaged by the following packaging material in an 
10 environment at 25^*0, 50% RH, stored at a normal temperature for 2 hours and then evaluated as shown below. 

(Packaging material) 

[1537] PET 10 nm/PE 12 ^m/aluminum foil 9 M.m/Ny 15 |Am/3% carbon containing polyethylene 50 ^im; 
15 oxygen permeation rate: 0 ml/atm ■ . 25°C « day, 

water permeability: 0 g/atm • m^ . 25'*C • day 

<Preparat'ton of Sitver Halide Emulsion 2c> 

20 [1 538] A silver halide emulsion 2c was prepared in the same manner as in the silver halide emulsion 1 c except for 
adding triphenyl phosphine selenide by 1 .2 x 1 0"* mol per one mol of sitver, Instead of sodium thiosulfate In the silver 
halide emulsion 1c. 

<Prepamtion of Sitver Halide Emulsion 3c> 

25 

[1539] A silver halide emulsion 3c was prepared in the same manner as in the silver halide emulsion 1c except for 
adding tellurium sensitizer B in a methanol solution by 2.9 x 1 0-^ mol per one mol of silver, Instead of sodium thiosulfate 
in the silver halide emulsion 1c. 

30 <Preparation of Silver Halide Emulsion 4c> 

[1540] A silver halide emulsion 4c was prepared in the same manner as in the silver halide emulsion 1c except for 
adding chloroauric acid by 4 x 1 0'^ mol per one mol of silver, instead of sodium thiosulfate in the silver halide emulsion 
1c. 

35 

<Preparation of Silver Halide Emulsion 5c> 

[1541] A silver halide emulsion 5c was prepared in the same manner as In the silver halide emulsion 1c except for 
adding chloroauric acid by 4 x 10*5 mol and potassium thiocyanate by 8 x lO** mol per one mol of silver, instead of 
40 sodium thiosulfate in the silver halide emulsion 1c. 

<Preparation of silver halide emulsion 6o 

[1 542] A silver halide emulsion 6c was prepared in the same manner as in the silver halide emulsion 1 c except for 
45 adjusting pH to 10.5 by 1 N sodium hydroxide instead of sodium thiosulfate in the silver halide emulsion 1c, adding a 
reducing sensitizer C by 1 .6 x 1 0*2 per one mol of silver, aging for 91 min and then adjusting pH to 6.0 by 1 N sulfuric acid. 

<Preparation of silver halide emulsion 7c> 

so [1543] A sitver halide emulsion 7c was prepared in the same manner as in the silver halide emulsion 1c except for 
adjusting pAg to 5.5 by 10 mass% sitver nitrate instead of sodium thiosulfate In the silver halide emulsion 1c, adding 
the reducing sensitizer C by 1 .6 x 10-^ mol per one mol of silver, aging for 91 min. and then adjusting pAg to 9.0 by 
10 mass% of potassium bromide. 

55 <Preparation of Silver Halide Emulsion 8c> 

[1544] A silver halide emulsion 8c was prepared in the same manner as in the silver halide emulsion 1c except for 
adjusting pH to 10.5 by IN sodium hydroxide, instead of sodium thiosulfate in the silver halide emulsion 1c, adjusting 
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pAg to 5.5 by 1 0 mass% silver nitrate, adding the reducing sensitizer C by 1 .6 x 1 0'^ mol per one mol of silver, aging 
for 91 min, and then adjusting pH to 6.0 by IN sulfuric acid and pAg to 9.0 by 10 mass% potassium bromide. 

< Preparation of Stiver Halide Emufsion 9o 

[1545] A silver halide emulsion 9c was prepared in the same manner as in the silver halide emulsion 1c except for 
adding sodium thiosulfate, adjusting pH to 1 0.5 by 1 N sodium hydroxide, adjusting pH to 5.5 by 1 0 mass% silver nitrate, 
adding a reducing sensitizer C by 1 .6 x 1 0*2 mol per one mol of silver and aging for 91 min. and then adjusting pH to 
6.0 by IN sulfuric acid and adjusting pAg to 9.0 by 10 mass% potassium bromide in the silver halide emulsion 1c. 
[1 546] Photothenmographic materials 2c - 9c were prepared in the same manner as in Example 20 except for using 
silver halide emulsions 2c - 9c Instead of the silver halide emulsion 1c. 

Comparative Example 1 

< Preparation of Silver Halide Emulsion 10c> 

[1 547] A silver halide emulsion 1 0c was prepared in the same manner as in the silver halide emulsion 1 c except for 
not adding sodium thiosulfate in the silver halide emulsion 1c. A photothemiographic material 1 0c was prepared in the 
same manner as in Example 20 except for using the silver halide emulsion 1 0c instead of the silver halide emulsion 1 c. 

(Evaluation for ptiotographic performance) 

[1548] Samples were subjected to exposure and development by using a modified Fuji Medical dry laser imaaer 
FM-DPL ^ 

[1549] In exposure, the light sensitive materials were Irradiated while restricting a semiconductor laser at 660 nm 
with maximum 60 mW (111 B) powermounted on FM-DPL to 1 00 nm x 1 00 ^m. Exposure was conducted while changing 
the exposure amount of the laser stepwise. Development was conducted by using a themial developing station of 
FM-DPL while setting the temperature for four sheets of panel heaters to 112°C ^ 119°C 121*»C 121°C. The 
developing time was set to 24 sec. For the evaluation of images obtained after exposure and development, density 
was measured by Macbeth densitometer to prepare characteristic curves of density relative to the exposure amount. 
[1 550] In the samples after the developing treatment, the density for a portion not exposed to the laser was defined 
as Dmin, while the density for a portion exposed to the maximum exposure amount was defined as Dmax. Further, the 
reciprocal to the exposure amount providing a density of Dmin + 1 .0 was defined as sensitivity, which was expressed 
by a relative value to a standard sensitive material. 

(Evaluation for print out periormance) 

[1551] Samples after the treatment were placed in a circumstance at 37*'C, 70%RH and were left for three days 
under a fluorescent lamp with a luminosity of 1 000 lux. Increase in the density for the fogged portion to that before the 
treatment was defined as the print out perfomiance. 

[1 552] Table 1 4 shows the result for the measurement of samples 1 c - 1 0c as described above. 
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Sontvf ht^r' '~ r T '"""'1' " """" "'^ embodiment according to this 

invention have high sensiUvity, excellent print out perfonnance. low Dmin and high D„„. 

Exanple 22 

S Ei'H^l'Jf prepared In the same manner as ((preparation of silver halide emulsion 

90) In Example 21 except for changing the grain size as described in Table 15 by changing the temperature UDon 
formatK)n Of particles of the sih,er halide emulsion. In the same manner, emulsions ISc-a^ ofdW^enThS ^ 
posinons described ,n Table 15 were prepared by changing the halogen composition. Them,ophotografc mZaTs 
I^nt o,rsre:;irde. "'^ ^ '--^ ^0 'or'changCJrS 

[1555] Table ISshowstheresultfortheevaluatlon of samples 11 c-20c in the same manner as in Examples 20 and 21 . 
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Silver halide emulsion 
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[1556] It can be seen that the particle size in the silver halide of this invention is preferably 90 nm or less for sup- 
pressing Dn,i„ (fogging) and increasing Dmax and in view of image storability. Further, since Dmin Is increased when 
silver halide exceeds 1 0 nnol% relative to 1 mol of a non-light sensitive organic acid silver salt, it is preferably 1 0 mol% 
or less. Further, it can be seen that the silver iodide content in the halogen composition is preferably 5 mol% or more 
for improving the sensitivity of this invention. 



Example 23 



[1557] A photothermographic material 21c was prepared in the same manner as the sample 11c in Example 22 
except for using a mixture of emulsion 11c and emulsion 12c at 8:2 instead of emulsion 11c. As a result of evaluation 
in the same manner as in Example 21 , a preferred result was obtained. 



Example 24 



[1558] A photothennographic material was prepared in the same manner as the sample 3c in Example 21 except 
for using the following compounds Instead of the reducing agent complex. 

<Preparatlon of Reducing Agent-Sc Dlsperslon> 

[1559] 6 kg of water was added to 1 0 kg of a reducing agent-5c (2,2'-methylene.bls(4-methyl-6-tart-butyl phenol)), 
and 20 kg of an aqueous 10 mass% solution of modified polyvinyl alcohol) Poval MP203 manufactured by Kuraray 
Co.) and stirred thoroughly to form a sluny. After supplying the sluny by a diaphragm pump and dispersing the same 
for 3 hours and 30 min In a lateral type sand mill (UVM-2: IMEX Co.) filled with zirconia beads having an average 
diameter of 0.5 mm, 0.2 g of sodium benzoisothiazolinone and water to adjust the concentration of the reducing agent 
was reduced to 25 mass% to obtain a reducing agent-5c dispersion product. The reducing agent particles contained 
in the thus obtained reducing agent dispersion had 0.38 yjmofa medium diameter and 15 jim or less of a maximum 
gram size. The obtained reducing agent dispersion was filtered by using a polypropylene filter with a pore size of 3 0 
^m to remove obstacles such as dust and then stored. 



<Preparation of Hydrogen Coupling Compound'2c Dlsperslon> 

[1560] 1 0 kg of water was added to 10 kg of a hydrogen coupling compound-2c (tri(4-t-butylpheny))phDsphine oxide) 
and 20 kg of an aqueous 10 mass% solution of modified polyvinyl alcohol (Poval MP203, manufactured by Kuraray 
Co.) and thoroughly stirred to form a sluny. After supplying the slurry by a diaphragm pump and dispersing the same 
for 3 hours and 30 min in a lateral type sand mill (UVM-2: IMEX Co.) filled with zirconia beads having an average 
diameter of 0.5 mm. 0.2 g of sodium benzoisothiazolinone and water to adjust the concentration of the reducing agent 
was reduced to 22 mass% to obtain a hydrogen coupling compound-2c dispersion product. The reducing agent particles 
contained in the thus obtained reducing agent dispersion had 0,35 ^rni of a medium diameter and 1 .5 nm or less of a 
maximum gram size. The obtained reducing agent dispersion was filtered by using a polypropylene filter with a pore 
size of 3.0 Jim to remove obstacles such as dust and then stored. 

<Preparatlon of photothermographic maten'al 22c> 



[1561] A photothemiographic material 22c was prepared in the same manner as the sample 3c In Example 21 except 
for using the reducing agent-5c and the hydrogen coupling compound-2c instead of the reducing agent.3c. 
[1562] The coating amount for each of the compounds of the emulsion layer {g/m2) is as shown below. 



Sih^er behenate 


6.0 


Reducing agent-5c 


0.76 


Hydrogen coupling compound-2c 


0.59 


Dye (C.I. Pigment Blue 60) 


0.032 


Polyhalogen compound-2c 


0.04 


Polyhalogen compound-3c 


0.12 


phthalazine compound-1c 


0.21 


SBR latex 


11.1 


Mercapto compound-lc 


0.002 
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(continued) 



45 



Silver hallde (As Ag) 



0.09 



5 [1 563] As a result of evaluation in the same manner as in Example 21 , a preferred result was obtained. 
Example 25 

[1564] A photothermographic material 23c was prepared by preparing a dispersion in the same manner using the 
10 compound 1-2 instead of the reducing agent 5c in Example 24. 

[1 565] As a result of conducting development for a thermal development time of 1 4 sec by changing the conveying 
speed of a thermal developing machine, preferred sensitivity and gradation were obtained. 

[1566] The thirty-sixth embodiment of the present invention can provide a photothemnographic material having high 
sensitivity, low Dmin, high Dmax and excellent image storability to light irradiation after treatment. 

IS 

'Examples of Forty-fourth Embodiment- 

[1567] Then, the forty-fourth embodiment of the photothermographic material according to this invention is to be 
described specifically by way of examples but the invention Is not restricted to the forty-fourth embodiment. 

20 

Example 26 

Preparation of Photothermographic t^aterials 26A - 26J 

25 (Preparation and Surface Corona Treatment of PET Support) 

[1568] A PET support was prepared and applied with a surface corona treatment in the same manner and under the 
same conditions as those in Example 1 in the first embodiment according to this invention. 

30 (Preparation of Undercoated Support) 

[1569] An undercoated support was prepared by the same method and under the same conditions as those In Ex- 
ample 1 . 

35 (Preparation of Back Surface Coating Liquid) 

< Preparation of Anti-halation Layer Coating Liquid > 

[1 570] 1 7 g of gelatin, 9.6 g of polyacrylamide, 1 .5 g of fine particle mono-dispersed polymethyl methacrylate (average 
40 grain size: 8 \im, grain size standard deviation: 0.4), 0.03 g of benzolsothiazolinone. 2.2 g of sodium polyethylene 
sulfonate, 0.1 g of a blue dye compound-1, 0.1 g of a yellow dye compound-1, and 844 ml of water were mixed to 
prepare an anti-halatlon layer coating liquid. 



<Preparation of Back Surface Protective Layer Coating Liquid> 



[1571] A vessel was kept at a temperature of 40^C, and 50 g of gelatin, 0.2 g of sodium polystyrene sulfonate, 2.4 
g of N,N-ethylenebis(vinylsulfoneacetoamide), 1 g of sodium t-octylphenoxyethoxyethane sulfonate, 30 mg of benzol- 
sothiazolinone, 37 mg of a fluoro-surfactant (F-ld: potassium N-perfluorooctylsulfonyl-N-propylalanine), 150 mg of a 
fluoro-surfactant (F-2d: polyethylene glycol mono(N-perfluorooctylsulfonyl-N-propyl-2-aminpethyl) ether [ethylene ox- 
so ide average polymerization degree 15]), 64 mg of a fluoro-surfactant (F-3d), 32 mg of a fluoro-surfactant {F-4d), 10 
mg of a fluoro-surfactant (F-7d), 5 mg of fluoro-surfactant (F-8d), 8.8 g of acrylic acid/ethyl acrylate copolymer (copol- 
ymermass ratio 5/95), 0.6 g of aerosol OT (manufactured by American Cyanamide Co.), 1 .8 g of liquid paraffin emulsion 
as liquid paraffin and 950 ml of water were mixed to obtain a baclc surface protective layer coating liquid. 
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(Image Forming Layer, Intermediate Layer and Surface Protective Layer) 

Preparation of Silver Halide Emulsion 

< Preparation of Silver Halide Emulsion Id > 

[1572] A solution formed by adding 4.3 ml of a 1 mass% potassium iodide solution and further adding 3 5 ml of 
sulfunc acid at 0.5 mol/L concentration and 36.7 g of gelatin phthalide to 1 420 ml of distilled water was kept at a solution 
temperature of 42<-C while stirring In a stainless steel reaction pot, to which a solution A formed by adding distilled 

""TJl^.^^ ^ °' ^""^^ "'"^'^ '° """'^ '° ^^^-^ ^"^ « S"'"""" B fomied by diluting 21.8 g of potassium Iodide 
with distilled water to 21 8 ml volume were added entirely at a constant flow rate for 9 min. Then, 10 ml of an aqueous 
3.5 rnass% solution of hydrogen peroxide was added and, further. 1 0.8 ml of an aqueous 1 0 mass% solution of ben- 
zirnidazole was added. Further, a solution C foimed by adding distilled water to 51.86 g of silver nitrate to dilute to 
31 7.5 rnl and a solution D formed by diluting 60 g of potassium iodide with distilled water to 600 ml volume were added 
in which the solution C was added entirely at a constant flow rate for 120 min, while the solution D was added by a 
controlled double jet method while l<eeping pAg at 8.1 . 

[1573] An aqueous solution of potassium hexachloroiridate (III) was added entirely so as to be 1 x 10-» mol per one 

molofsih/erlOminafterstarting addition of the solutlonCandthesolutionD.Further, an aqueous solutionofpot^ 
iron (II) hexacyanide was added entirely so as to be 3 x 1 0-» mol per one mol of silver 5 sec after the completion of 
addition of the solution C. pH was adjusted to 3.8 by using sulfuric acid at 0.5 mol/L concentmtion. stirring was stopped 
and a precipitation/desalting^vater washing step was conducted and pH was adjusted to 5.9 by using sodium hydroxide 
at 1 mol/L concentration to prepare a silver halide dispersion at pAg of 8 0 

[1574] The silver halide dispersion was kept at Sfloc while stirring, to which 5 ml of a methanol solution containing 
0.34 ma8s% of 1 ,2-ben20isothiazolin-3-one was added and the temperature was elevated to 47"C after one min 20 
mm after the temperature elevation, a methanol solution of sodium benzenethiosulfonate was added by 7 6 x 1 0'S mol 
per one mol of silver and, further five min after, a tellurium sensitizer was added by 2.9 x 1 0-^ mol per one mol of silver 
and aged for 91 min, 1 .3 ml of a methanol solution of 0.8 mass% N,N'-dihydroxy-N"-diethyl melamine was added and. 
further 4 mm after, a methanol solution of 5-methyl-2-mercaptoben2imlda20ie was added by 4 8 X 10-3 ^ol per 1 mol 
of silver, and a methanol solution of 1 -pheny|.2-heptyl-5-mercapto-1 ,3.4-tria2ole was added by 5.4 x 10-3 mol oer 1 
mol of silver to prepare a silver halide emulsion Id. 

[1575] Particiesinthesilverhalideemulslonthatcouldbepreparedwerepuresilverhalideparticleswithanaverage 
sphere-equivalent diameter of 0.040 ^, and with 1 8% variation coefficient for the sphere-equivalent diameter. The 
particle srze and the like were detemrtined as an average for 1000 particles by using an electron microscope. 

<Preparation of Silver Halide Mixed Emulsion A' for Coating Uquid> 

[1576] A silver halide emulsion 1d was dissolved and benzothiazoiium Iodide was added as an aqueous 1 mass% 
so ution by 7 x i o-3 mol per one mol of silver. Further, water was added such that the content of silver halide per 1 kg 
of the emulsion mixture for coating liquid was 38.2 g as silver. 

Preparation of Fatty Acid Silver Dispersions A - J 

< Purification of Behenic Acid-1 > 

}l^oJ ?° ^^^^"^ ^"'"^ manufactured by Henckei Co (trade name of products: Edenor C22-85R) was mixed 
.^tln TH ^ isopropanol, dissolved at 50'C, filtered through a filter of 10 ^m and then cooled to 30-C and recrys- 
h Ih Jh^ T ^"^ recrystallization was controlled to 3-C/hr. The resultant crystals were centrifugally 

filtered and, after spray-washing with 100 kg of isopropanol, the recrystallization was further conducted repeatedly 
T ^^'.^L'^'""^'^' ^^^^ recrystallization were filtered to remove lignoceric acid and drying was 

< Purification of Behenic Acid-2 > 

Sinn ^° ^^^^'^^^^ manufactured by Henckei Co (trade name of products: Edenor C22-85R) was mixed 
wrth 1200 kg of isopropanol. dissolved at 50'C. filtered through a filter of 1 0 jm, and then cooled to SO'C and recrys- 
m^'^^ T "^'^ ^^l""^ recrystallization was controlled to 3'C/hr. The resultant crystals were centrifugally 
filtered and after spray-washing with 100 kg of isopropanol. the recrystallization was further conducted repeatedly 
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twice, and drying was conducted. When the resultant crystals were esterified and put to GC-FID nneasurement, the 
behenic acid content was 97.5 mol%, and lignoceric add was 2 mol%. Erucic acid was la^ mol% or less. 

< Purification of Arachidonic acid> 

5 

[1 579] 1 00 l<g of arachidonic acid manufactured by Tokyo Kasei Co. was mixed with 1 200 kg of isopropanol, dissolved 
at 60**C, filtered through a filter of 1 0 and then cooled to 20*0 and recrystallized. The cooling rate during recrys- 
talllzatlon was controlled to 3**C/hr. The resultant crystals were centrif ugally filtered and, after spray-washing with 1 00 
kg of isopropyl alcohol, the recrystallization was further conducted repeatedly twice. Then, precipitates at the initial 
10 stage of recrystallization were filtered to remove carboxylic acids with chain length longer than that of arachidonic acid 
and drying was conducted. When the resultant crystals were esterified and putto GC-FID measurement, the arachidonic 
acid content was 99.99 mol% and erucic acid was 10*^ mol% or less. 

< Purification of Stearic acid > 

15 

[1580] 100 kg of stearic acid manufactured by Tokyo Kasei Co. was mixed with 1200 kg of Isopropanol, dissolved 
at 50**C, filtered through a filter of 1 0 |im and then cooled to 20**C and recrystallized. The cooling rate during recrys- 
tallization was controlled to 3°C/hr. The resultant crystals were centrifugally filtered and, after spray-washing with 1 00 
kg of isopropanol. recrystallization was further conducted repeatedly twice. Then, precipitates at the initial stage of 
20 recrystallization were filtered to remove carboxylic acids with chain length longer than that of stearic acid and drying 
was conducted. When the resultant crystals were esterified and putto GC-FID measurement, the silver stearate content 
was 99.99 mol% and erucic acid was 10-^ mol% or less. 

< Preparation of Organic Acid > 

25 

[1581] Each of purified products of stearic acid, arachidonic acid, behenic acid and lignoceric acid prepared as de- 
scribed above and emcic acid (products of Tokyo Kasei) were mixed so as to provide aimed compositions, which were 
used as the starting material for organic acid silver salts A - J. 

30 [Tablets] 



Organic Acid 
Silver 


Kind and content of organic acid 


Remarks 


Stearic acid 
(mol%) 


Arachidonic 
acid (mot%) 


Behenic acid 
(mol%) 


Lignoceric 
acid (mot%) 


Erucic acid 
(mol%) 


A 


0 


0 


97.9 or more 


2 


less than 1 0'® 


Comparative 
Example 


B 


0 


0 


97.9 or more 


2 


2 X 10-* 


Present 
Invention 


C 


0 


0 


97,9 or more 


2 


2 X 10-2 


Present 
Invention 


D 


0 


0 


97 


2 


1 


Present 
Invention 


E 


0 


0 


95 


2 


3 


Present 
Invention 


F 


0 


0 


83 


2 


15 


Comparative 
Example 


G 


0 


0 


99 


0 


1 


Present 

Invention 


H 


20 


31 


47 


1 


1 


Present 
Invention 


1 


15 


23 


59,5 


1.5 


1 


Present 
Invention 
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(Table 16] (continued) 



Organic Acid 
Silver 


Kind and content of organic acid 


Remarks 


Stearic acid 
(mol%) 


Arachidonic 
acid (nfiol%) 


Behenic acid 
(mol%) 


Lignoceric 
acid (mol%) 


Erucic acid 
(nnol%) 


J 


1 


5 


91 


2 


1 


Present 
Invention 


1 Products by Tokyo Kasei Used f( 


)r Erucic acid 





< Preparation of organic add silver diversions > 

[1582] 258 mol of an organic acid of the composition in Table 1 6, 422 L of distilled water, 492 L of an aqueous NaOH 
solution at 5 moVl concentration, and 120 L of t-butanol were mixed and reacted under stirring at 75»C for 1 fir to 
obtain a solution of sodium organic acid salt. Separately, 296.2 L of an aqueous solution of 40.4 kg of silver nitrate (pH 
4.0) was provided and kept at a temperature of 1 0°C. A reaction vessel containing 635 L of distilled water and 30 L of 
t-butanol was kept at a temperature of 30»C and. while stirring sufflctently. the entire amount of the sodium organic 
acid salt and the entire amount of the aqueous solution of silver nitrate were added each for 93 min and 15 sec and 
90 min at a constant flow rate. In this case, only the aqueous solution of silver nitrate was added for 1 1 min after startinq 
the addition of the aqueous solution of sliver nitrate and, subsequently, addition of the solution B of the sodium organic 
aad salt was started and only the solution of sodium organic acid salt was added for 1 4 min 1 5 sec after the completion 
for the addition of the aqueous solution of silver nitrate. The temperature in the reaction vessel was 30°C and the 
external temperature was controlled such that the liquid temperature was constant. Further, the temperature of a pipe- 
line for the addition system of the solution of the sodium organic acid salt was kept by circulating warm water to the 
outside of a double walled tube, and liquid temperature at the exit of the top of the addition nozzle was controlled to 
75 C. Further, the temperature of the pipeline for the additton system of the aqueous solution of silver nitrate was kept 
by circulating cold water to the outside of the double-walled tube. The addition position for the solution of the sodium 
organic acid salt and the addition position for the aqueous solution of silver nitrate were disposed in symmetrical with 
™f * ^ ^"^ ^'^^"^^ « '^^'S'^t 3S not in contact with the reaction solution 

Tfl ^ f ' cornpletion for the addition of the solution of the sodium organic acid salt, it was stirred for 20 min 
and then left at that temperature as it was, the temperature was elevated to 35<>C for 30 min and then aginq was 
conducted for 210 min. After the completion of aging, solid contents were immediateV Altered and separated by a 
centnfugal filtration and the solids were washed with water till the conductivity of water of filtration was 70 uS/cm in 
M ■ lu.^ °' ^"'"^ obtained. The resultant solids were stored without drying as wet cakes 

[1584] The shape of the resultant particles of the organic acid silver salt was evaluated by electron microscopic 
photography. The results are shown in Table 1 7. A. B. C were as defined in the specif fcatlon 



Organic Acid Silver Salt 


A 


B 


C 


Sphere-Equivalent Diameter 

(pJTl) 


Fluctuation Coefficient of Size 


A 


0.25 


0.6 


0.7 


0.54 


10 


B 


0.25 


0.6 


0.7 


0.54 


10 


C 


0.26 


0.6 


0.7 


0.55 


11 


D 


0.26 


0.6 


0.7 


0.54 


11 


E 


0.27 


0.59 


0.7 


0.53 


13 


F 


0.28 


0.58 


0.69 


0.51 


15 


G 


0.28 


0.62 


0.65 


0.52 


8 


H 


0.1 


0.12 


2.3 


0.6 


25 


1 


0.15 


0.2 


1.6 


0.58 


21 


J 


0.19 


0.4 


0.9 


0.5 


15 



[1585] 19.3 kg of polyvinyl akx>hol (trade name of products: PVA-217) and water were added to wet cakes corre- 
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spending to 260 kg/dry solid content and after making the entire weight to 1000 kg, they were slurrifled by a dissolver 
blade and further dispersed preliminanly by a pipeline mixer (model PIVI-IO: manufactured by Mizuho Industry). 
[1 586] The stock solution after the preliminary dispersion was treated for three times by a dispersing machine (trade 
name of products: l\/licro Fluldizer IVI-610, manufactured by Micro-Fluidex International Corporation, Z-type interaction 
chamber used) while adjusting the pressure to 1 1 50 kg/m2 to obtain silver behenate dispersions. For cooling operation, 
bellows type heat exchangers were attached to front and back of an interaction chamber and the temperature of the 
coolant was controlled to set the dispersion temperature to 1 8^C. 
[1 587] Organic acid silver dispersions A - J were obtained as described above. 

Preparation of Reducing Agent Dispersion 

< Reducing agent compiex-1 dispersion > 

[1588] A reducing agent complex-1 dispersion was prepared by the same method and under the same conditions 
as those in Example 7. 

< Reducing Agent Complex-2 dispersion > 

[1589] A reducing agent complex-2 dispersion was prepared by the same method and under the same conditions 
as those in Example 8. 

Preparation of Hydrogen Coupiing Compound Dispersion 

< Hydrogen Coupiing Compound- 1 Dispersion > 

[1590] A hydrogen coupling compound-1 dispersion was prepared by the same method and under the same condi- 
tions as those in Example 1 . 

Preparation of Development Accelerator Dispersion, & Tone Controller Dispersion 

< Developement Accelerator- 1 Dispersion > 

[1 591] A development accelerator-1 dispersion was prepared by the same method and under the same conditions 
as those In Example 1 . 

< Development Accelerator-2' Dispersion, & Tone controller-1 Dispersion > 

[1592] Each of solid dispersions of development accelerator-2' dispersion and tone controller-i dispersion was also 
dispersed in the same manner as the development accelerator-1 , to obtain 20 mass% liquid dispersion. 

Preparation of Polyhalogen Compound Dispersion 

< Organic Polyhalogen Compound-1 and -2 Dispersions > 

[1593] Organic polyhalogen compound-1 dispersion and organic polyhalogen compound-2 dispersion were prepared 
by the same method and under the same conditions as those in Example 1 . 

Preparation of Phthalazlne Compound Solution 

< Phthalazlne Compound-1 Solution > 

[1594] A phthalazlne compound-1 solution was prepared by the same method and under the same conditions as 
those in Example 1 . 
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Preparation ofMercapto Compound Soiutior) 

< Mercapto Compound-1 and Mercapto compound'2 Aqueous Solutions > 

[1595] A mercapto compound-1 aqueous solution and a mercapto compound-2 aqueous solution were prepared by 
the same method and under the same conditions as those in Example 1 . 

Preparation of dye dispersion 

< Dye-1 dispersion > 

[1 596] A dye-1 dispersion was prepared by the same method and under the same conditions as those in Example 1 . 
Preparation of SBR latex liquid 

[1 597] An SBR latex liquid was prepared by the same method and under the same conditions as those In Example 1 . 
(Preparation of Coating Uquid) 

Preparation of Emulsion Layer (ligtit sensitive layer) Coating Liquid 

[1 598] 1 000 g of the organic acid silver salt dispersion obtained as described above, 276 ml of water, 33.2 g of dye- 
1 dispersion, 21 g of organic polyhalogen compound-1 dispersion, 58 g of organic polyhalogen compoun'd-2 dispersion, 
1 73 g of a phthalazlne compound-1 solution. 1 082 g of SBR latex (Tg = 22°C) liquid, 299 g of a reducing agent complex- 
3 dispersion, 6 g of reducing development acceIerator-1 dispersion, 9 ml of a mercapto compound-1 solution, and 27 
mi of a mercapto compound-2 aqueous solution were added successively, and 1 1 7 g of the silver halide mixed emulsion 
A' was added and mixed thoroughly just before coating, and the emulsion layer coating liquid was supplied as it was 
to a coating die and coated. 

[1599] The viscosity of the emulsion layer coating liquid was 25 [mPa s] at 40°C when measured by a B-type vis- 
cometer (No. 1 rotor, 60 rpm). 

[1600] The viscosity of the coating liquid at 25'>C measured by using an RFS field spectrometer manufactured by 
Rheometric Far East Co. was 230. 60, 46, 24 and 18 [mPa-s], respectively, at a shearing rate of 0.1, 1. 10, 100 and 
1000 [1/sec]. 

[1 601] The amount of zirconium In the coating liquid was 0.38 mg per 1 g of sliver. 
Preparation of Intermediate Layer Coating Uquid on Emulsion Surface 

[1 602] An emulsion surface Intermediate layer coating liquid was prepared by the same method and under the same 
conditions as those in Example 1 . 

Preparation of Coating Uquid for First Emulsion Surface Protective L^yer 

[1 603] The coating liquid for first emulsion surface protective layer was prepared in the same manner and under the 
same conditions as those in Example 1 . 

Preparation of Coating Uquid for Second Emulsion Surface Protective Layer 

[1 604] 80 g of Inert gelatin was dissolved in water, and water to make-up the total to 650 g was added to 1 02 g of a 
27.5 mass % solution of methylmethacrylate/styrene/butylacrylate/hydroxyethyl methacrylate/acrylic acid copolymer 
(copolymerization mass ratio: 64/9/20/5/2) iatex. 3.2 ml of a 5 mass% solution of fluoro surfactant (F-1 d: potassium N- 
perfluorooctylsuIfonyl-N-propylaniline salt), 32 ml of an aqueous 2 mass% solution of fluoro surfactant (F-2d: polyeth- 
ylene glycol mono(N-perfluorooctylsulfonyl-N-propyl-2-amtnoethyl ether [ethylene oxide average polymerization de- 
gree = 15]), 23 ml of a 5 mass% solution of aerosol OT (manufactured by /American Cyanamide Co.), 4 g of fine 
polymethyl methacrylate particles (average grain size 0.7 jim). 21 g of potymethyl methacrylate fine particles (average 
grain size 4.5 jim), 1 .6 g of 4-methyl phthalic acid. 4.8 g of phthalic acid. 44 ml of sulfuric acid at 0.5 mol/L concentration 
and 10 mg of benzoisothiazolinone, to which 445 ml of an aqueous solution containing 4 mass% of chromium alum 
and 0.67 mass% of phthalic acid were mixed by a static mixer just before coating to prepare a surface protective layer 
coating liquid and It was supplied to a coating die so as to be 8.3 ml/m2. 
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[1605] The viscosity of the coating liquid was 19 [mPa • s] when measured by a B-type viscometer at 40*^0 (No. 1 
rotor, 60 rpm). 

(Preparation of Photothermographic Material 26A - 26J) 

5 

[1606] An anti-halation layer coating liquid was coated such that the solid coating amount of gelation was 0.04 g/m^ 
and a bacic surface protection layer coating liquid was coated such that the coating amount of gelation was 1 .7 g/m^ 
simultaneously in stack on the bacl< surface of the undercoated support, which were dried to prepare a back layer. 
[1607] An emulsion layer, an intemiediate layer, a first protective layer and a second protective layer were simulta- 
10 neously coated in stack from the substratum surface on the side opposite to the back surface by a slide bead coating 
method successively to prepare a sample of a photothermographic material. In this case, the temperature was adjusted 
to 38°C for the emulsion layer and the intermediate layer, to 37°C for the first protective layer and to 37*»C for the 
second protective layer. 

[1608] The coating amount for each of the compounds of the emulsion layer (g/m^) is as shown below. 

15 



Organic acid silver salt(As Ag) 


1.34 


Dye (C.I. Pigment Blue 60) 


0.036 


Polyhalogen compound-1 


0.12 


Polyhalogen compound-2 


0.37 


Phthalazlne compound-1 


0.19 


SBR latex 


9.67 


Reducing agent complex-1 


1.41 


Development accelerator-1 


0.024 


Mercapto compound-1 


0.002 


Mercapto compound-2 


0.012 


Silver hallde emulsion Id (As Ag) 


0.091 



[1 609] The coating and drying conditions are as follows. 

[1610] Coating was conducted at a speed of 1 60 m/min with the gap between the top end of the coating die and the 
support as 0.1 0 - 0.30 mm and the pressure in a depressurization chamber was set lower by 1 96 - 882 Pa relative to 
the atmospheric pressure. Static charges on the support were eliminated by an ionic blow before coating. 
[1611] In the subsequent chilling zone, after cooling the coating liquid by a blow at a dry-bulb temperature of 10 - 
20° C, it was conveyed in a contactless manner and dried in a helical contactless type drying apparatus by a drying 
blow at a dry-bulb temperature of 23 to 45**C and a wet-bulb temperature of 15 to 21 °C. 

[1 61 2] After drying and after controlling the humidity to 40 - 60% RH at 25*'C, it was heated such that the film surface 
was at 70 to go^C. After heating, the film surface was cooled to 25*'C. 

[1813] The degree of matte of the thus prepared photothermographic material was 550 sec on the side of the light 
sensitive layer and 130 sec on the back surface being expressed as the Beckmann smoothness. Further, pH at the 
film surface on the side of the light sensitive layer was measured to be 6.0. 

Example 27 

(Preparation of Photothermographic fsAateriais 27 A - 27 J) 

[1614] Photothermographic materials 27A - 27J were prepared In the same manner as In Example 26 except for 
using the following silver halide emulsion 2d Instead of the silver halide emulsion 1d in Example 26. 

< Preparation of Silver i-iaiide Emulsion 2d > 

[1615] A silver halide emulsion 2d having a halogen composition with a ionlde content of 3.5 mol% was prepared in 
the same manner as in Example 26 except for changing the halogen composition to be added. A silver hallde with a 
grain size having a sphere-equivalent diameter of 0.040 (im in average was prepared by changing the temperature 
upon forming the particles. 
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Example 28 

(Preparation of Photothermographic Materials 28A - 28J) 

[1616] Photothermographic materials 28A - 28J were prepared in the same manner as in Example 26 except for 
using the following silver halide emulsion 3d instead of the silver halide emulsion 1 d in Example 26. 

< Preparation of Silver Halide Emulsion 3d > 

(1 61 7] A solution formed by adding 3.1 ml of a 1 mass% potassium bromide solution and further adding 3 5 rfil of 
sulfunc acid at 0.5 mol/L concentration and 31 .7 g of gelatin phthalide to 1 421 ml of distilled water was kept « a solution 
temperature of 32°C while stirring in a stainless steel reaction pot. to which a solution A formed by adding distilled 
water to 22^22 g of silver nitrate to dilute to 95.4 ml and a solution B formed by diluting 1 5.3 g of potassium bromide 
and 0.8 g of potassium iodide with distilled water to 97,4 ml volume were added entirely at a constant flow rate for 45 
sec. Then. 1 0 ml of an aqueous 3.5 mass% solution of hydrogen peroxide was added and, further, 1 0 8 ml an aqueous 
10 mass% solution of benzimidazole was added. Further, a solution C formed by adding distilled water to 30 64 a of 
sih^er nitrate to dilute to 1 87.6 ml and a solution D fomied by diluting 44.2 g of potassium bromide and 2.2 g of potassium 
lodide with distilled water to 400 ml volume were added in which the solution C was added entirely at a constant flow 
rate for 12 min. while the solution D was added by a controlled double jet method while keeping pAg at 8 1 Then a 
solution E fomied by adding 1 30 ml of distilled water to 22.2 g of silver nitrate and a solution F fomied by diluting 21 7 
of potassium iodide with distilled waterto 21 7 mi of volume were added while keeping pAg at 6.3 by a controlled double 
jet metnod. 

[1618] Potassium hexachloroirklate (III) was added entirely so as to be 1 x 1 0-* mol per one mol of silver 1 0 min 
after starting addition of the solution C and the solution D. Further, an aqueous solution of potassium iron (II) hexacy- 
anide was added entirely so as to be 3 x lO"" mol per one mol of silver 5 sec after the completion of addition of the 
solution C pH was adjusted to 3.8 by using sulfuric acid at 0.5 mol/L concentration, stirring was stopped and a pre- 
cipitation/desaltingMater washing step was conducted. pH was adjusted to 5.9 by using sodium hydroxide at 1 moVL 
concentration to prepare a silver halide dispersion at pAg of 8.0. 

[161 9] The silver halide dispersion was kept at 38-C while stirring, to whfch 5 ml of a methanol solution containing 
0.34 mass A of 1 ,2-ben20isothia2olin-3-one was added and. after 40 min. a methanol solution of a spectral sensitizer 
A and a sensitizer B at a 1 :1 molar ratio was added by 1 .2 X 1 0-3 mol as a total for the sensitizers A and B per 1 mol 
I J!^^ ^ ^-^ temperature was elevated to 47-C after one min. 20 min after the temperature elevation, a methanol 
solirtton of sodium benzenethiosulfonate was added by 7.6 x 1 0-s mol per one mol of silver and, further iWe min after, 
a methanol solution of tellunum sensitizer was added by 2.9 x 10-5 mol per one mol of silver and aged for 91 ^.^ ^ ^ 
ml of a methanol solution of 0.8 mass% N,N'-dihydroxy-N"-diethyl melamine was added and, further 4 min after a 
methanol solution of 5-methyl-2-mercaptoben2lmidazole was added by 4.8 x 1 0-3 mol per 1 mol of silver and a meth- 
anol solution of 1 -pheny|.2-heptyl-5-mercapto-1 ,3.4-triazole was added by 5.4 x 1 0-3 mol per 1 mol of silver to prepare 
a silver halide emulsion 3d. f f ^ 

(16201 Particles in the silver halide emulsion that could be prepared wera particles in whteh 30 mol% of the silver 
K,d.de layer was joined with 70 mol% of silver bromide layer with an average sphere-equivalent diameter of 0.040 urn 
H t T u" Tu"'*"' sphere-equivalent diameter. The portion having the crystal structura of the silver 
iodide structure has light absorption by direct transition. 

Example 29 

(Preparation of Photothermographic Materials 29A -29J) 

[1621] Photothemiographic materials 29A - 29J were prepared In the same manner as in Example 20 except for 
using the following silver halide emulsion 4d instead of the silver halide emulston Id in Example 20. 

<Preparation of silver halide emulsion 4d> 

[1622] A solution fomied by adding 3.1 ml of a 1 mass% potassium bromide solution and further adding 3 5 ml of 
sulfunc acid at 0.5 moI/L concentration and 31 .7 g of gelatin phthalide to 1 421 ml of distilled water was kept at a solution 
temperature of 34" C while stirring in a stainless steel reaction pot. to which a soluUon A fomied by adding distilled 
water to 22.22 g of silver nitrate to dilute to 95.4 ml and a solution 8 fomied by diluting 15.3 g potassL bromide and 
OS g of potassium iodide with distilled water to 97.4 ml volume wera added entirely at a constant flow rate for 45 sec 
Then. 1 0 ml of an aqueous 3.5 mass% solution of hydrogen pen^xide was added and, further. 1 0.8 ml an aqueous 1 0 
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mass% solution of benzimidazole was added. Further, a solution C formed by adding distilled water to 51 .86 g of silver 
nitrate to dilute to 317.5 ml and a solution D formed by diluting 60 g of potassium iodide witli distilled water to 600 ml 
volume were added in which the solution C was added entirely at a constant flow rate for 120 min, while the solution 
D was added by a controlled double jet method while keeping pAg at 6.3. 

5 [1623] An aqueous solution of potassium hexachloroiridate (III) was added entirely so as to be 1 x lO"* mol per one 
molof silver 10 min after starting addition of the solution C and the solution D. Further, an aqueous solution of potassium 
iron (11) hexacyanide was added entirely so as to be 3 x 1 0*^ mol per one mol of silver 5 sec after the completion of 
addition of the solution C. pH was adjusted to 3.8 by using sulfuric acid at 0.5 mol/L concentration, stirring was stopped 
and a precipitation/desalting/water vyashing step was conducted. pH was adjusted to 5.9 by using sodium hydroxide 

10 at 1 mol/L concentration to prepare a silver halide dispersion at pAg of 8.0. 

[1624] Silver halide emulsion 4d was prepared in the same mannerfor other conditions as in Example 28. Particles 
in the silver halide emulsion that could be prepared were particles in which 30 mol% of the silver iodide layer was 
joined with 70 mol% of silver bromide layer with an average sphere-equivalent diameter of 0.040 \irr\ and 1 8% variation 
coefficient for the sphere-equivalent diameter. The portion having the crystal structure of the silver iodide structure has 

15 light absorption by direct transition. 

[1625] Chemical structures of compounds used in the examples of the forty-fourth embodiment according to this 
invention are shown below. 



Tellurium sensitizer C 



25 




30 

Blue dye compound-1 



35 



40 



45 




SO 



55 
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Ye I low dye compound-l 

SOgNa 



(Reducing agent conq>lex-l) 




OrO 



1:1 complex 



(Reducing agent-2) 



(Hydrogen coupling oompound-1) 





(Polyhalogen compoimd-l) (Polyhalogen CQinpoiind-2) 

CONHC4H9 

Cl (1 
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(Mercapto compoiind- 1 ) (Meroapto coinpoiind-2} 




Development accelerator-Z' Color tone adjusting agent-1 




(F — 1 d) CFg— (CFg)^— CH2CH2SCH2CH2C02Li 
mixture for n=5 to 11 

(F - 2 d ) CF3— (CF2)„— CH2CH2O— (CH2CH20)„-H 
mixture for n=5 to 11 , m=5 to 15 
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(F-3 d) 



(pHgCOOCsH^y 
NaO3S-CHC00CH2CH2C4F( 



9 



(F-4 d) 



CH2COOCH2CH2C4F9 
Na03S-CHCOOCH2CH2C4F9 



Evaluation for photographic performance 

[1626] For each of the samples for the photothennographic materials (26A - 26J. 27A - 27J, 28A - 28J and 29A - 
29J) evaluation was made as below. 



[1 827] The obtained samples were cut each into a half-cut size, packaged by the following packaging material in an 
environment at 25''C, 50% RH. stored at a nomial temperature for 2 weeks and then evaluated as shown below 

(Padcaging Material) 

[1628] PET 1 0 ^inrVPE 1 2 ^aluminum foil 9 |am/Ny 1 5 jim/3% carbon containing polyethylene 50 jim; 
oxygen pemneation rate: 0 ml/atm • m^ . 25*'C • day; 
water permeability: 0 g/atm • m^ • 25**C « day 

(Exposure of Photothermographic Materiaf) 

[1 629] Each of the thus obtained photothennographic materials was exposed as below. 

[1630] In the exposure station of a Fuji Medical Dry Laser Imager FiVI-DPL. an NLHV 30O0E semiconductor laser 
manufactured by NIchia Chemical Industry was mounted as a semiconductor laser light source, and the light sensitive 
material was exposed while changing the amount of the laser light between 1 mW/mm2. lOOO mW/mm2. 
[1 631 ] The emission wavelength of the laser light was 405 nm. 

(Development of Photothermographic l^aterial) 

[1632] The exposed photothermographic materials were put to themial development as described below. 
[1 633] Thermal development was conducted by setting the temperature for four sheets of panel heaters to 1 1 2^0 - 
115«C - 115-'C - 115°C in the themnal developing station of Fuji Medical Dry Laser Imager FM-DPL while setting the 
total thenmal developing time to 14 sec by increasing the film conveying speed. 

(Evaluation for the Photographic Property of photothermographic material) 

[1 634] The density of the obtained Images was measured by a densitometer to prepare characteristic curves of the 
density to the logarithm of the exposure amount. While defining the optical density in a not exposed portion as the 
fogging and the reciprocal to the exposure amount capable of providing optical density of 1 .0 as the sensitivity the 
performance was expressed by a relative value based on the sensitivity of the photothermographic material-26A being 
assumed as 100. The result is shown In Table 18. 

(Evaluation for Print Out Performance) 

[1 635] Each of the photothenmographic materials after the development was placed in a room at 26*'C. 60%RH and 
left for ten days under the irradiation of 500 lux of fluorescent lamps, A difference between the fogging density just 
after development and the fogging density after left for ten days under the conditions described above was defined as 
the print out performance. 

[1 636] The obtained results are shown In Table 1 8. 



(Preparation) 
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[1 637] As apparent from Table 1 8. it can be seen that the photothemiographic materials of the thirty-sixth embodiment 
according to this invention have high sensitivity and less fogging and are excellent in the print out performance. 

Example 30 



[1638] When the same evaluation was made on photothermographic materials which are similar with the photother- 
mographic materials 29A - 29J except for changing the laser emission wavelength to 395 nm. similar preferred result 
could be obtained also in this example. 

[1639] The forty-fourth embodiment of present invention can provide a photothermographic material excellent in 
frnage storability after output, having high sensitivity and high image quality while using a light sensitive silver halide 
of high silver iodide content. 



'Examples of Forty-fifth Embodiment- 



[1640] Then, the forty-fiflh embodiment of the photothemiographic material according to this invention is to be de- 
scnTDed specifically by way of examples but the forty-fifth embodiment of the invention is not restricted to them. 

Example 31 



Preparation of PET support 

[1 641] A PET support was prepared in the same manner as those in Example 1 in the first embodiment of the pho- 
tothemiographic material according to this invention and applied with a surface corona treatment by the same method 
as in Example 1 . 



Preparation of Undercoated Support 

[1 642] An undercoated support was prepared by the same method and under the same conditions as those in Ex- 
ample 1 . 



Prepamtion of Coating Liquid for Bade Surktce 

<Preparation of Solid Fine Particle Dispersion (a") of Basic Precursor> 

[1643] A file solid particle liquid dispersion (a") was prepared by the same method and under the same conditions 
as those in Example 20. 



<Preparation of Solid Fine Particle Dispersion of Dye> 

[1644] A solid fine particle dispersion of dye was prepared in the same method and under the same conditions as 
those in Example 20. 



<Preparation of Anti-halation Layer Coating Liquid> 

[1645] An anti-halation layer coating liquid was prepared by the same method and under the same conditions i 
those in Example 20. 



<Preparation of Bad< Surface Protective Layer Coating Uquid> 

^^^^L A^^^^,^^' k®Pt a temperature of 40-C. and 50 g of gelatin, 0.2 g of sodium polystyrene sulfonate. 2 4 
g of N,N-ethylenebis(vinylsulfoneacetoamide), 1 g of sodium t-octylphenoxyethoxyethane sulfonate, 30 mg of benzoi- 
sothiazolinone. 37 mg of a fluoro-surfactant (F-1e: potassium N-perfluorooctylsulfonyl-N-propylalanine) 0 15g of a 
fluoro-surfactant (F-2e: polyethylene glycol mono(N-perfluorooctylsulfonyl-N-propyl-2-aminoethyl) ether [ethylene ox- 
ide average polymerization degree 1 5]). 64 mg of a fluoro-surfactant {F-3e), 32 mg of a fluoro-surfactant (F.4e) 8 8 g 
of acrylic acid/ethyl acrylate copolymer (copolymer mass ratio 5/95). 0.6 g of aerosol OT (manufactured by American 
Cyanimide Co.). 1 .8 g of liquid paraffin emulsion as liquid paraffin and 950 ml of water were mixed to obtain a back 
surface protective layer coating liquid. 
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Preparation of Each of Ingredients Contained in Emulsion Layer (image forming layer) Coating Liquid 
<Preparation of Silver Halide Emulsion 1e> 

5 [1647] A solution formed by adding 4.3 ml of a 1 mass% potassium iodide solution and further adding 3.5 ml of 
sulfuric acid at 0.5 mol/L concentration and 36.7 g of gelatin phthalide to 1 420 ml of distilled water was kept at a solution 
temperature of 42^*0 while stirring in a stainless steel reaction pot, to which a solution A formed by adding distilled 
water to 22.22 g of silver nitrate to dilute to 1 95.6 ml and a solution B fomned by diluting 11 .1 g of potassium bromide 
and 6.6 g of potassium iodide with distilled water to 103 ml volume were added entirely at a constant flow rate for 3 

10 min. Then, 1 0 ml of an aqueous 3.5 mass% solution of hydrogen peroxide was added and, further, 1 0.8 ml an aqueous 
10 mass% solution of benzimidazole were added. Further, a solution C formed by adding distilled water to 51.86 g of 
silver nitrate to dilute to 317.5 ml and a solution D formed by diluting 32.04 g of potassium bromide and 19.16 g of 
potassium iodide with distilled water to 400 ml volume were added in which the solution C was added entirely at a 
constant flow rate for 50 min, while the solution D was added by a controlled double jet method while keeping pAg at 

15 9.1 . Then, a solution E prepared by diluting 1 0 g of potassium iodide with distilled water to 400 ml volume was added 
entirely at a constant flow rate for 5 min. An aqueous solution of potassium hexachloroiridate (111) was added entirely 
so as to be 1 X 1 0*"^ mol per one mol of silver 1 0 min after starting addition of the solution C and the solution D. Further, 
an aqueous solution of potassium iron (II) hexacyanlde was added entirely so as to be 3 x lO*'^ mol per one mol of 
silver 5 sec after the completion of addition of the solution C. pH was adjusted to 3.8 by using sulfuric acid at 0.5 mol/ 

20 L concentration, stirring was stopped and a precipitation/desalting/water washing step was conducted. pH was adjusted 
to 5.9 by using sodium hydroxide at 1 mot/L concentration to prepare a silver halide dispersion at pAg of 9.6. 
[1648] The silver halide dispersion was kept at 38''C while stirring, to which 5 ml of a methanol solution containing 
0.34 mass% of 1 ,2-benzoisothiazolin-3-one was added and, after 40 min, a methanol solution of a spectral sensitizer 
A' and a sensitizer B' at a 1 :1 molar ratio was added by 1 .2 x 10-3 mol as a total for the sensitizers A' and B' per 1 mol 

25 of silver and the temperature was elevated to 47°C after one min. 20 min after the temperature elevation, a methanol 
solution of sodium benzenethiosulfonate was added by 7.6 x 1 0-^ mol per one mol of silver and, further five min after, 
a tellurium sensitizer C was added by 2.9 x 1 0-'* mol per one mol of silver and aged for 91 min. 1 .3 ml of a methanol 
solution of 0.8 mass% N,N'-dihydroxy-N"-diethyl melamlne was added and, further 4 min after, a methanol solution of 
5-methyl-2-mercaptobenzimidazole was added by 4.8 x 1 0'^ mol per 1 mol of silver, and a methanol solution of 1-phe- 

30 nyl-2-heptyl-5-mercapto-1 ,3,4-triazole was added by 5.4 x 1 0-3 mol per 1 mol of silver to prepare a silver halide emul- 
sion 1e. 

[1 649] Particles In the silver halide emulsion that could be prepared were silver iodobromide particles with an average 
sphere-equivalent diameter of 0.040 jim, with 1 8% variation coefficient for the sphere-equivalent diameter and with an 
average silver iodide content of 44%. The particle size and the like were detemiined as an average for 1 000 particles 
35 by using an electron microscope. 

<Preparation of Mixed Emulsion for Coating Liquid> 

[1650] A silver halide emulsion 1e was dissolved and benzothiazolium iodide was added as an aqueous 1 mass% 
40 solution by 7 x 1 0-3 mol per one mol of silver. Further, water was added such that the content of silver halide per 1 kg 
of the emulsion mixture for coating liquid was 38.2 g as silver. 

<Preparation of organic acid silver salt dispersion> 

45 [1 651 ] A organic acid silver salt dispersion, that is. a organic acid silver salt was prepared in the same method and 
under the same conditions as those in Example 1 . 

<Preparation of Reducing Agent Complex-Se Dispers!on> 

so [1652] 7.2 kg of water was added to 10 kg of a reducing agent complex-3e (1:1 complex of 2,2' -methylenebis-(4-ethy- 
ol-6-tert-butylphenol) and triphenylphosphine oxide), 0.12 kg of triphenylphosphine oxide and 1 6 kg of an aqueous 1 0 
mass% solution of modified polyvinyl alcohol (Poval MP203, manufactured by Kuraray Co.) and mixed thoroughly to 
prepare a slun7. After supplying the slurry by a diaphragm pump and dispersing the same by a lateral sand mill (UVM- 
2, manufactured by IMEX Co.) filled with zirconia beads of 0.5 mm in average diameter for 4 hours and 30 min, 0.2 g 

55 of benzothizolinone sodium salt and water were added such that the concentration of the reducing agent complex was 
25 mass%, to obtain a reducing agent complex - 3 dispersion. The reducing agent complex particles contained in the 
thus obtained reducing agent complex dispersion had a median diameter of 0,46 jim and a maximum grain size of 1 .6 
|im or less. The resultant reducing agent complex dispersion was filtered through a filter made of polypropylene with 
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a pore size of 3.0 jim. to remove obstacles such as dusts and then stored. 
<Prepamtion of organic polyhalogen compovnd-2e dispersion> 

[1653] 10 kg of an organic polyhalogen compound-2e (tribromomethane sulfonyl benzene), 10 kg of an aqueous 20 
mass% solution of modified polyvinyl alcohol (Poval MP203, manufactured by Kuraray Co.), 0.4 kg of an aqueous 20 
mass% solution of sodium triisopropyl naphtnalene sulfonate, and 14 kg of water were added and mixed thoroughly 
to form a slurry. After supplying the slurry by a diaphragm pump and dispersing the same in a lateral sand mill (UVM- 
2: manufactured by IMEX Co.) filled with zirconia beads of 0.5 mm in average diameter. 0.2 g of benzoisothazoline 
sodium salt and water were added such that the concentration of the organic polyhalogen compound was 26 mass% 
to obtain an organic polyhalogen compound.2e dispersion. The organic polyhalogen compound particles contained In 
the polyhalogen compound dispersion thus obtained had 0.41 jim of a median diameter and 2.0 or less of a max- 
imum gram size. The obtained dispersion of the organic polyhalogen compound was filtered through a polypropylene 
filter With a pore size of 1 0.0 jim to remove obstacles such as dusts and then stored. 

<Preparation of Organic Pofyhaiogen Compound-Se Dispersion> 

[1 654] 1 0 kg of an organic polyhalogen compound-3e (N-butyl-3-tribromomethane sulfonyl benzamide) 20 kg of an 
aqueous 20 mass% solution of modified polyvinyl alcohol (Poval MP203. manufactured by Kuraray Co ) 0 4 kg of an 
aqueous 20 mass% solution of sodium triisopropyl naphtnalene sulfonate, and 8 kg of water were added and mixed 
»,Tw!l^5 f s"PP'y^"g slurry by a diaphragm pump and dispersing the same in a lateral sand 

mill (UVM-2: manufactured by IMEX Co.) filled with zirconia beads of 0.5 mm in average diameter. 0.2 g of sodium 
benzoisothazoline salt and water were added such that the concentration of the organic polyhalogen compound was 
25 mass%. The liquid dispersion was wamied to 40°C for 5 hours to obtain an organic polyhalogen compound-3e 
dispersiori. The organic polyhalogen compound particles contained In the polyhalogen compound dispersion thus ob- 
tained had 0.36 ^im of a median diameter and 1 .5 jim or less of a maximum grain size. The obtained dispersion of the 
organic polyhalogen compound was filtered through a polypropylene fllterwith a pore size of 3.0 iim to remove obstacles 
such as dusts and then stored. 

<Preparation of Phthalazine Compound- 1e Solution> 

[1655] 8 kg of modified polyvinyl alcohol MP203 manufactured by Kuraray Co. was dissolved in 1 74 57 kg of water 
and then 3.15 kg of an aqueous 20 mass% solution of sodium triisopropyl naphthalene sulfonate and 14.28 kq of an 
aqueous 70 mass% solution of phthalazine compound-1 e (6-isopropylphthalazine) were added to prepare a 5 mass% 
solution of a phthalazine compound-1 e. 

<Preparation of Aqueous Soiution of tAercapto Compound'1e> 

[1656] 7 g of mercapto compound-1 e (sodium 1-(3-sulfophenyl)-5-mercaptotetrazole) was dissolved In 993 g of water 
to fomi an aqueous 0.7 mass% solution. ^ 

<Preparation of Dye- 1 Dispersion> 

[165;q A dye-1 dispersion was prepared by the same method and under the same conditions as those in Examole 
1 of this invention. ^ 

<Preparation ofSBR Latex Uquid> 

T^fL prepared by the same method and under the same conditions as those in Example 

20 of this invention. 

<Preparation of Emulsion Layer (image forming layer) Coating Liquid-lo 

[1 659] 1 000 g of the fatty acid silver dispersion obtained as described above. 1 04 ml of water. 30 g of dye-1 dispersion 
6^3 g of an organic polyhalogen compound.2e dispersion. 20.7 g of an organic polyhalogen compound-3e dispersion' 
173 g of a phthalazine compound-le solution, 1082 g of an SBR latex (Tg = 23«'C) liquid. 258 g of a reducing ageni 
complex-3e dispersion and 9 g of a mercapto compound-1 e solution were added successively, and a silver halide 
mixed emulsion was added and mixed thoroughly such that the amount thereof to the organic acid silver salt as shown 
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in Table 1 9 just before coating, and the emulsion layer coating liquid was supplied as it was to a coating die and coated. 

<Preparatlon of Intermediate Layer Coating Liquid on Emulsion Surface > 

5 [16601 An inteimediate layer coating liquid on emulsion surface was prepared by the same method and under the 
same conditions as those in Example 20. 

<Preparation of Coating Liquid for First Emulsion Surface Protective Layer> 

10 [1661] A coating liquid for first emulsion surface protective layer was prepared by the same method and under the 
same conditions as those in Example 1 . 

<Preparation of Second Layer Coating Liquid for Emulsion Surface Protective Layer> 

IS [1662] 80 g of inert gelatin was dissolved in water, and water to make-up the total to 650 g was added to 1 02 g of a 
27.5 mass % of methyl methacrylate/styrene/butylacrylate/hydroxyethyl methacrylate/acrylic acid copolymer (copoly- 
merization mass ratio: 64/9/20/5/2) latex liquid, 3.2 ml of a 5 mass% solution of fluoro surfactant (F-1e: potassium N- 
perfluorooctylsu!fonyl-N-propylaniline salt), 32 ml of an aqueous 2 mass% solution of fluoro surfactant (F-2e: polyeth- 
ylene glycol mono(N-perfluorooctylsulfonyl-N-propyl-2-aminoethyl ether [ethylene oxide average polymerization de- 

20 gree = 15]), 23 ml of a 5 mass% solution of aerosol OT (manufactured by American Cyanamide Co.), 4 g of fine 
polymethyl methacrylate particles (average grain size 0.7 21 g of fine polymethy! methacrylate particles (average 
grain size, 4.5 ^un), 1 .6 g of 4-methyl phthalic acid, 4.8 g of phthalic acid, 44 ml of sulfuric acid at 0.5 mol/L concentration 
and 10 mg of benzoisothiazollnone, to which 445 ml of an aqueous solution containing 4 mass% of chromium alum 
and 0.67 mass% of phthalic acid were mixed by a static mixer just before coating to prepare a surface protective layer 

25 coating liquid and it was supplied to a coating die so as to be 8.3 ml/m^. 

[1663] The viscosity of the coating liquid was 19 [mPa-s] when measured by a B-type viscometer at 40**C (No. 1 
rotor, 60 rpm). 

<Preparation of Photothermographic l\Aaterisd-1e> 

30 

[1664] An anti-halation layer coating liquid was coated such that the solid coating amount of fine solid dye particles 
was 0.04 g/m^ and a back surface protection layer coating liquid was coated such that the gelatin coating amount was 
1 .7 g/m2 simultaneously In stack on the back surface of the undercoated support, which were dried to prepare a back 
layer. 

35 [1665] An emulsion layer, an intenmediate layer, a first protective layer and a second protective layer were simulta- 
neously coated in stack in this order from the substratum surface on the side opposite to the back surface by a slide 
bead coating method to prepare a sample of a photothennograp hie material. In this case, the temperature was adjusted 
to 35^0 for the emulsion layer and the intermediate layer, to 36*'C for the first protective layer and to 37*'C for the 
second protective layer. 

40 [1 666] The coating amount for each of the compounds of the emulsion layer (g/m^) is as shown below. 



Silver behenate 


5.55 


Dye (C.I. Pigment Blue 60) 


0.036 


Polyhalogen compound-2e 


0.02 


Polyhalogen compound-3e 


0.06 


Phthalazine compound-1e 


0.15 


SBR latex 


11.1 


Reducing agent complex-3e 


1.54 


Mercapto compound-le 


0.002 


Silver halide (As Ag) 


0.09 



[1667] The coating and drying conditions are as follows. 

[1668] Coating was conducted at a speed of 160 nVmin with the gap between the top end of the coating die and the 
support as 0.1 0 - 0.30 mm and the pressure in a depressurization chamber was set lower by 1 96 - 882 Pa relative to 
the atmospheric pressure. Static charges on the support were eliminated by an ionic blow before coating. 
[1669] In the subsequent chilling zone, after cooling the coating liquid by a blow at a dry-bulb temperature of 10 - 
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it was conveyed in a contactless nnanner and dried in a helical contactless type drying apparatus by a drying 
blow at a dry-bulb temperature of 23 to 45°C and a wet-bulb temperature of 15 to 21°C. 

[1 670] After drying and after controlling the humidity to 40 - 60% RH at 25»C. it was heated such that the film surface 
was at 70 to 90°C. After heating, the film surface was cooled to 25*»C. 

[1671] The degree of matte of the thus prepared photothermographic material was 550 sec on the side of the light 
sensitive layer and 130 sec on the back surface being expressed as the Beckmann smoothness. Further. pH at the 
film surface on the side of the light sensitive layer was measured to be 6.0. 

[1 672] The obtained samples were cut each Into a half-cut size, packaged by the following packaging material in an 
environment at 25»C, 50% RH. stored at a normal temperature for 2 weeks and then evaluated as shown below. 

(Packaging material) 



[1 673] As the packaging material for packaging the forty-fifth embodiment of the photothermographic materials ac- 
cording to this invention, those having the following layer constitution, the oxygen permeability and water permeability 
were used. 
Layer constitution; 



PET (polyethylene terephthalate) 1 0 ^m/ 

PE (polyethylene) 12 iim/aluminum foil 9 tim/Ny 15 jim/ 

3% carbon containing polyethylene 50 \im; 

Oxygen pemieability : 0 ml/atm-m2 . 25''C • day; 

Water permeability: 0 g/atm-m2 . 25''C • day 

Example 32 

<Preparation of Silver Hafide Emulsion 2e> 



[1 674] A silver halide emulsion 2e was prepared by the same method as that for the silver halide emulsion 1 e except 
for using a solution F fomied by diluting 20 g of potassium iodide with distilled water to 400 m volume instead of the 
solution E in the preparation of the silver halide emulsion 1 e in Example 31 . 

[1675] The particles that could be prepared were silver iodobromide particles with an average sphere-equivalent 
diameter of 0.041 >im. a fluctuation coefficient for sphere-equivalent diameter of 20% and an average silver iodide 
content of 58%. The partide size and the like were determined from 1000 particles in average by using an electron 
microscope. 



<Preparatlon of Silver Halide Emulsion 3e> 



[1 676] A silver halide emulsion 3e was prepared by the same method as that for the silver halide emulsion 1 e except 
for using a solution F formed by diluting 30 g of potassium iodide with distilled water to 400 m volume instead of the 
solution E in the preparation of the silver halide emulsion 1e in Example 31 . 

[1677] The particles that could be prepared were silver iodobromide particles with an average sphere-equivalent 
diameter of 0.039 jun. a fluctuation coefficient for sphere-equivalent diameter of 19% and an average silver iodide 
content of 72%. The particle size and the like were determined from 1000 particles in average by using an electron 



<Preparation oi silver halide emulsion 4e> 



[1 678] A silver halide emulsion 4e was prepared by the same method as that for the sliver halide emulsion 1 e except 
for using a solution F fomied by diluting 40 g of potassium iodide with distilled water to 400 m volume instead of the 
solution E in the preparation of the sihrer halide emulsion 1 e in Example 31 . 

[1679] The particles that could be prepared were silver iodobromide particles with an average sphere-equivalent 
diameter of 0.042 urn. a fluctuation coefficient for sphere-equivalent diameter of 23% and an average silver iodide 
content of 86%. The particle size and the like were detemiined from 1000 particles in average by using an electron 



< Preparation of Silver Halide Emulsion 5e > 



[1680] A solutton formed by adding 4.3 ml of a 1 mas8% potassium iodide solution and further adding 3.5 ml of 
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sulfuric acid at 0.5 mol/L concentration and 36.7 g of gelatin phthalide to 1420 ml of distilled water was kept at a solution 
temperature of 42''C while stirring in a stainless steel reaction pot, to which a solution A fonned by adding distilled 
water to 22.22 g of silver nitrate to dilute to 195.6 ml and a solution B formed by diluting 21.8 g of potassium iodide 
with distilled water to 218 ml volume were added entirely at a constant flow rate for 9 min. Then, 10 ml of an aqueous 
5 3.5 mass% solution of hydrogen peroxide was added and, further, 10.8 ml of an aqueous 10 mass% solution of ben- 
zlmidazoie was added. 

[1681] Further, a solution C fonned by adding distilled water to 51 .86 g of silver nitrate to dilute to 31 7.5 ml and a 
solution D formed by diluting 60 g of potassium iodide with distilled water to 600 ml volume were added in which the 
solution C was added entirely at a constant flow rate for 1 20 min, while the solution D was added by a controlled double 

10 jet method while keeping pAg at 8.1 . An aqueous solution of potassium hexachloroiridate (III) was added entirety so 
as to be 1 x 1 0-"^ mol per one mol of silver 1 0 min after starting addition of the solution C and the solution D. Further, 
an aqueous solution of potassium iron (II) hexacyanide was added entirely so as to be 3 x 10"^ mol per one mol of 
silver 5 sec after the completion of addition of the solution C. pH was adjusted to 3,8 by using sulfuric acid at 0.5 mol/ 
L concentration, stirring was stopped and a preclpitation/desalting/water washing step was conducted. pH was adjusted 

IS to 5.9 by using sodium hydroxide at 1 mol/L concentration to prepare a silver halide dispersion at pAg of 8.0. 

[1682] The silver halide dispersion was kept at 38''C while stirring, to which 5 ml of a methanol solution containing 
0.34 mass% of 1 ,2-benzoisothiazo1in-3-one was added, spectral sensitizer A' and sensitizer B 'in a methanol solution 
were added after 40 min at a 1 :1 molar ratio by 1 .2 x 1 0-^ mol as a total for the sensitizers A* and B' per one mol of 
silver, and the temperature was elevated to 47°C after one min. 20 min after the temperature elevation, a methanol 

20 solution of sodium benzenethiosulfonate was added by 7.6 x 1 0'^ mol per one mol of silver and, further five min after, 
a tellurium sensitizer C was added by 2.9 x 1 0"^ mol per one mol of silver and aged for 91 min. 1 .3 ml of a methanol 
solution of 0.8 mass% N,N'-dihydroxy-N" -diethyl melamlne was added and, further 4 min after, a methanol solution of 
5-methyl-2-mercaptobenzimidazole was added by 4.8 x 1 0*3 mol per 1 mol of silver, and a methanol solution of 1 -phe- 
nyl-2-heptyl-5-mercapto-1 ,3,4-tria2ole was added by 5.4 x 1 0"^ mol per 1 mol of silver to prepare a silver halide emul- 

25 si on 5e. 

[1 683] Particles in the silver halide emulsion that could be prepared were silver iodobromide particles with an average 
sphere-equivalent diameter of 0.040 \im, a 1 8% variation coefficient forthe sphere-equivalent diameter and an average 
silver iodobromide content of 44%. The particle size and the like were determined as an average for 1000 particles by 
using an electron microscope. 

30 

Preparation of Photothermographic Materials 2e - 5e 

[1 684] Photothemnographic materials 2e - 5e were prepared by the same method as in Example 31 except for chang- 
ing the silver halide emulsion 1e to the silver halide emulsions 2e - 5e in the preparation of the photothermographic 
35 material In Example 31 . 

Comparative Example 2 

< Preparatiort of silver halide emulsion 6e > 

40 

[1685] A solution formed by adding 3.1 ml of a 1 mass% potassium bromide solution and further adding 3.5 ml of 
sulfuric acid at 0.5 mot/L concentration and 31 .7 g of gelatin phthalide to 1421 ml of distilled water was kept at a solution 
temperature of 30°C while stirring in a stainless steel reaction pot, to which a solution A fomied by adding distilled 
water to 22.22 g of silver nitrate to dilute to 95.4 ml and a solution B formed by diluting 15.3 g of potassium bromide 

45 and 0.8 g of potassium iodide with distilled water to 97.4 ml volume were added entirely at a constant flow rate for 45 
sec. Then, 1 0 ml of an aqueous 3.5 mass% solution of hydrogen peroxide was added and, further, 1 0.8 ml an aqueous 
10 mass% solution of benzimldazole was added. Further, a solution C fonned by adding distilled water to 51 .86 g of 
silver nitrate to dilute to 31 7.5 ml and a solution D fonmed by diluting 44.2 g of potassium bromide and 2.2 g of potassium 
iodide with distilled water to 400 ml volume were added In which the solution C was added entirely at a constant flow 

so rate for 20 min, while the solution D was added by a controlled double jet method while keeping pAg at 8. 1 . Potassium 
hexachloroiridate (III) was added entirely so as to be 1 x 10-* mol per one mol of silver 10 min after starting addition 
of the solution C and the solution D. Further, an aqueous solution of potassium iron (II) hexacyanide was added entirely 
so as to be 3 X 1 0-^ mol per one mol of silver 5 sec after the completion of addition of the solution C. pH was adjusted 
to 3.8 by using sulfuric acid at 0.5 mol/L concentration, stirring was stopped and a precipitatlon/desaltlng/water washing 

S5 step was conducted. pH was adjusted to 5.9 by using sodium hydroxide at 1 mol/L concentration to prepare a silver 
halide dispersion at pAg of 8.0. 

[1686] The silver halide dispersion was kept at 38''C while stirring, to which 5 ml of a methanol solution containing 
0.34 mass% of 1 ,2-benzoisothiazolln-3*one was added and, after 40 min, a methanol solution of spectral sensitizer A' 
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and sensitizer B' at a 1 : 1 nnolar ratio was added by 1 .2 X 1 0-3 nnol as a total for the sensitizers A' and B' per 1 mol of 
silver and the temperature was elevated to 47«C after one min. 20 min atter the temperature elevation, a methanol 
solution of sodium benzenethiosulfonate was added by 7.6 x 1 Q-s mol per one mol of silver and. further five min after 
a methanol solution of tellurium sensitizer was added by 2.9 x 1 0"* mol per one mol of silver and aged for 91 min 1 3 
ml of a methanol solution of 0.8 mass% N,N'-dihydroxy-N--dlethyl melamine was added and, further 4 min after a 
methanol solution of 5-methyl-2-mercaptobenzimldazole was added by 4.8 x 1 0*3 mol per 1 mol of silver, and a meth- 
anol solution of 1 -phenyl-2-heptyl-5-mercapto-1 .3.4-triazole was added by 5.4 x 1 0-3 mol per 1 mol of silver to preoare 
a silver halide emulsion 6e. 

[1 687] Particles in the silver halide emulsion that could be prepared were silver iodobromide particles homogeneously 
containing 3.6 ml of iodine an average sphere-equivalent diameter of 0.042 pm, and with 20% variation coefficient for 
the sphere-equivalent diameter. The particle size and the like were detemiined as an average for 1000 particles by 
using an electron microscope. The (100) face ratio of the particles was detemiined as 80% by using a Kubelka-Munk 
method. 

Preparation of Photothermographic Material 6e 

[1688] Photothermographic material 6e was prepared by the same method as In Example 31 except for changing 
the silver halide emulsion 1 e to the silver halide emulsions 6e in the preparation of the photothermographic material 
1e in Example 31. 

Evaluation for Photographic Performance 

[1689] Exposure and developing treatment were conducted to the photothemnographlc materials prepared in Exam- 
ples 31 and 32 and Comparative Example 2 by using a modified Fuji Medical Dry Laser Imager FM-OPL. 
[1690] In exposure, the photothermographic materials were in-adlated while restricting a semiconductor laser at 660 
nm with maximum 60mW(111B) power mounted on FM-DPL to 100 ^im x 100 nm. Exposure was conducted while 
changing the exposure amount of the laser stepwise. 

[1 691 ] Development was conducted by using a thermal developing station of FM-DPL while setting the temperature 
for four sheets of panel heaters to 112°C - 119»C - 121^0 - 121°C. The developing time was set to 24 sec. For the 
evaluation of images obtained after exposure and development, density was measured by a Macbeth densitometer to 
prepare a characteristic curve of the density relative to the exposure amount. 

[1 692] In the samples after the developing treatment, the density for a portion not exposed to the laser was defined 
as Dmin. while the density for a portion exposed to the maximum exposure amount was defined as Dmax Further the 
reciprocal to the exposure amount providing a density of D^j„ + 1 .0 was defined as the sensitivity, which was expressed 
by a relative value to a photothermographic material as the reference (reference sensitive material). 

[Evaluation for the Development Progressiveness] 

[1693] Then, developing treatment was conducted such that the developing time was 16 sec by changing the con- 
veying speed of a thermal developing machine (thermal developing station In FM-DPL) to prepare a characteristic 
curve in the same manner as the evaluation for the photographic perfomiance described above. As in the case of 
development for 24 sec. a reciprocal to the exposure amount required for obtaining a sensitivity of Dmin + 1 0 was 
defined as the sensitivity. The value calculated In accordance with the following equation was evaluated as the devel- 
opment progressiveness based on the sensitivity in development for 24 sec and development for 1 6 sec. 

Development Progressiveness 

[1694] 

= Log (sensitivity to 24 sec development/ 
sensitivity to 1 6 sec development) 

[1 695] Since a larger value for the development progressiveness means that the developability is slow and not stable 
to the change of the processing time, a smaller value for the development progressiveness is preferred. 
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(Evaluation for print out performance) 

[1696] A sample atter the treatment was placed in an environment as 30°C, 70%RH and left for three days under 
fluorescent lamps with luminosity of 1 000 lux. Increase in the density for the fogging portion relative to that before the 
5 treatment was defined as the print out perfomiance. 

[1697] The photothermographic materials 1 e - Be were evaluated forthe photographic performance, the development 
progressiveness and the print out performance. The results are shown in Table 19. 

10 
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[1698] As apparent from the results in Table 1 , it can be seen that the photothernnographlc materials according to 
this invention have high sensitivity, excellent print out performance, low Dmin and high Dmax. 

Example 33 

< Preparation of Silver Halide Emulsions 7e - 10e> 

[1699] Silver halide emulsions 7e-10e were prepared in the same manner as In the preparation of the silver halide 
emulsion 4e except for changing the grain size as described in Table 20 by changing the temperature upon formation 
of particles of the silver halide emulsion in 

< preparation of Silver Halide Emulsion 4e >. 

Preparation and Evaluation of Photothermographic Materials 7e - 12e 

[1 700] Photothermographic materials 7e-1 2e described in Table 20 were prepared by the same method as in Example 
31 except for using the silver halide emulsions 7e-10e and changing the coating amount of the silver halide. 
[1 701 ] Then , evaluation was made on the obtained photothemriographic materials 7e-1 2e in the same manner as in 
Examples 31 , 32 and Comparative Example 2. The following Table 20 shows the results. 
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[1702] From the results in Table 20, it has been confirmed that each of the performances is further preferred in the 
photothermographic materials in the forty-fifth embodiment according to this invention when the grain size of the high 

silver Iodide emulsion Is 90 nm or less. 

[1703] Further, it has been confirmed that each of the performances is further preferred in the photothermographic 
5 materials of the forty-fifth embodiment according to this invention when the coating amount of the high silver iodide 
emulsion is 9 mol% or less based on one mol of the non-light sensitive silver organic salt. 

Example 34 

10 Preparation and Evaluation of Photothermographic Material 13e 

[1704] A photothermographic material 13e according to this invention was prepared by the same method as for the 
photothermographic material 1e in Example 33 except for changing the silver halide emulsion 7e to a 8:2 mixture of 
silver halide emulsions 7e and 9e in the preparation of the photothermographic material 7e in Example 33, When 
15 evaluation was made in the same manner as in Examples 31 - 32, preferred results were obtained for each of the 
performances. 

Example 35 

20 < Preparation of Reducing Agent-Se Dispersion > 

[1705] 6 kg of water was added to 1 0 l<g of a reducing agent-5e (2,2'-methylene-bis(4-methyl-6-tart-butyl phenol)), 
and 20 kg of an aqueous 10 mass% solution of modified polyvinyl alcohol) Poval MP203 manufactured by Kuraray 
Co.) and stirred thoroughly to form a slurry. After supplying the sluny by a diaphragm pump and dispersing the same 
25 for 3 hours and 30 min in a lateral type sand mill (UVM-2: IMEX Co.) filled with zirconia beads having an average 
diameter of 0.5 mm, 0.2 g of sodium benzoisothiazolinone and water were added to adjust the concentration of the 
reducing agent to 25 mass% to obtain a reducing agent-5e dispersion product. 

[1706] The reducing agent particles contained In the thus obtained reducing agent dispersion had 0.38 \irr\ of a 
median diameter and 15 p.m or less of a maximum grain size. The obtained reducing agent dispersion was filtered by 
30 using a polypropylene filter with a pore size of 3.0 fim to remove obstacles such as dusts and then stored. 

<Preparation of Hydrogen Coupling Compound-2e Dispersion> 

[1707] 10 kg of water was added to 10 kg of a hydrogen coupling compound-2e (tri(4-t-butylphenyl)phosphine oxide), 
35 and 20 kg of an aqueous 10 mass% solution of modified polyvinyl alcohol (Poval MP203, manufactured by Kuraray 
Co.) and thoroughly stirred to form a slurry. After supplying the sluny by a diaphragm pump and dispersing the same 
for 3 hours and 30 min in a lateral type sand mill (UVM-2: IMEX Co.) filled with zirconia beads having an average 
diameter of 0.5 mm, 0.2 g of sodium benzoisothiazolinone and water were added to adjust the concentration of the 
reducing agent to 22 mass% to obtain a hydrogen coupling compound-2e dispersion product. 
40 [1708] The reducing agent particles contained in the thus obtained reducing agent dispersion had 0.35 ^im of a 
median diameter and 1 .5 p.m or less of a maximum grain size. The obtained hydrogen coupling compound dispersion 
was filtered by using a polypropylene fitter with a pore size of 3.0 \im to remove obstacles such as dusts and then stored. 

<r Preparation and Evaluation of Photothermographic Material 14e> 

45 

[1709] A photothennographic material 14e according to this invention was prepared by the same method as the 
photothennographic material 3e in Example 32 except for changing the reducing agent compIex-3e dispersion to the 
reducing agent-5e dispersion and, further, using the hydrogen coupling compound-2e, 3e dispersion in the preparation 
of the photothennographic material 3e In Example 32. 
50 [1710] The coating amount for each of the compounds of the emulsion layer (g/m^) is as shown below. 



Sliver behenate 


6.65 


Reducing agent 5e 


0.76 


Hydrogen coupling compound 2e 


0.59 


Dye (C.I. Pigment Blue 60) 


0.032 


Polyhalogen compound-2e 


0.02 


Polyhalogen compound-3e 


0.06 
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(continued) 




phthalazine compound-1 e 


0.21 


SBR latex 


11.1 


Mercapto compound-1 e 


0.002 


Silver halide (As Ag) 


0.10 



[1711] When the obtained photothermographic material 14e was evaluated In the same manner as in Examples 31 
and 32, preferred results were obtained for each of the performances. 

Example 36 



Preparation of Photothermographic Material 15e 

[1 71 2] A photothemnographic material 1 5e was prepared by the same method as the photothermographic material 
14e in Example 35 except for changing the reducing agent complex-5e dispersion to the reducing agent (R"-2) disper- 
sion in the preparation of the photothemiographic material 14e in Example 35. 

[1713] When the development processing was conducted for the obtained photothermographic material 15e in the 
thermal developing time of 14 sec by changing the conveying speed of the thermal developing machine, it has been 
confirmed that preferred sensitivity and gradation are obtained. 

[1714] Chemical structures of compounds used in Examples 31 - 36 of the forty-fifth embodiment according to the 
present invention are shown below. 



Spectral sensitizing dye A' 




9^3 S^^S 
C8Hi7(n) o 



Spectral sensitizing dye B' 




O 9H3 
>=CH-CH=e-CI+==<^ T 

J! V^CH^CO^H 
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Tel lurium sensi t izer C 




Basic precursor compound-ll 



M 



C2H5-N .N-CaHs 

)3-NHC2H4NH— q 
C2H5-N N-C2H5 



e 

'2 



Cyanine dye compound 13 
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Blue dye compound 14 




Yellow dye compound 15 




1:1 

(Reducing agent comp]ex-3e) 
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(Reducing agent-4e) 




(Reducing agent-Se) 




V 

r 

o 

(Hydrogw coupling compound-le) (Hydn)g«i coupling cam|wiind-2e) 







SOgCBra ^SOjCBcg 

(Organic polyhalogen compound-1 e) (Oiganic polyhalogen con^und-2e) 



}NHC4H9 



o 



^SOaCBrg 

(Oiganic polyhalogen conipound-3e) 



a. 



SOaNa 

(Mercapto compound- 1 e) 



(Phthalazine compound-I e) 



HNHC0NH-CBH,7(t) 



(Development accelerator- 1 e) 
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(F-le) CbFi7SO2'-I|J-CH2C0OK 
C3H7{n} 

(F-2e) CeFi7S02-N-CH2CH20^(CH2CH20)H-H 

CsHyCn) n = l 5 (average) 

(F-3e) C6Fi7S02-l}l-(CH2CH20)4(CH2)4S03Na 

(F-4e) CaFi7S03K 
(F.5e) CgF,7(CH2)2S02"-|N|-CH2COOK 

(F-6e) CaFi7(CH2)2S02-Is|-CH2CH20-'(CHjCH20)^-H 

^^7(n) n = 1 5 (average) 

(F.7e) CeF,7(CH2)2S02-"I|l-(CH2CH20)4(CH2)4S03Na 

C3H7(n) 

(F-8e) C8Fi7(CH2)2S03K 

[1 71 5] The forty-f itth embodiment of the present invention can provide a silver halide photothermographic material 
having high sensitivity, low Dmin and high Dmax, showing rapid progressiveness of development, stable to the change 
of the developing time, excellent in the print out perfomiance and also excellent in the image storability after the de- 
veloping treatment. 

Claims 

1 . A photothemnographic material comprising a support having thereon a layer including at least a non-photosensitive 
organic silver salt, a photosensitive silver halide, a reducing agent and a binder; 

wherein the photosensitive silver halide has a mean silver iodide content of 5 to 1 00 mol % 
and further comprising at least one compound of the following general fomiula (I); 

General formula (I) 
(X),-(L),-(A^B)„ 

wherein X represents a silver halide-adsoriaing group or a light-absorbing group that has at least one atom each 
of N. S, P. Se and Te; L represents a (k + n)-valent linking group having at least one atom each of C, N, S and O; 
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A represents an electron-donating group; B represents a leaving group or a hydrogen group; A-B is oxidized and 
then cleaved or deprotonated to generate a radical A; k represents an Integer from 0 to 3; m represents 0 or 1 ; n 
represents 1 or 2; and when k = 0 and n = 1 , then m = 0. 

2. The photothemnographic material according to claim 1 , wherein the mean silver iodide content of the silver halide 
Is 1 0 to 1 00 mol %. 

3. The photothemnographic material according to claim 1 , wherein the mean silver iodide content of the sliver hatlde 
Is 40 to 1 00 mol %. 

4. The photothermographic material according to claim 1 , wherein the photosensitive silver halide comprises a mean 
grain size of 5 to 80 nm. 

5. The photothennographic material according to claim 1 , wherein the mean grain size of the silver halide is 5 to 70 nm. 

6. The photothermographic material according to claim 1 , wherein the silver halide grains have a direct transition 
absorption derived from the high silver iodide crystal structure therein, 

7. A method of thermal development of a photothennographic material, which comprises a support having thereon 
a layer including at least a non-photosensitive organic silver salt, a photosensitive silver halide, a reducing agent 
and a binder; wherein the photosensitive silver halide has a mean silver Iodide content of 5 to 100 mol %, and 
which further comprises at least one compound of the following general fomnula (I), 

wherein the highest temperature at themial development of the photothermographic material is 1 00 to 1 20''C. 

General formula (I) 
(X),-(L)^-(A-B)„ 

wherein X represents a silver halide-adsori3lng group or a light-absorbing group that has at least one atom each 
of N, S, P, Se and Te; L represents a (k + n)-valent linking group having at least one atom each of C, N, S and O; 
A represents an electron-donating group; B represents a leaving group or a hydrogen group; A-B is oxidized and 
then cleaved or deprotonated to generate a radical A; k represents an Integer from 0 to 3; m represents 0 or 1 ; n 
represents 1 or 2; and when k = 0 and n = 1 , then m = 0; 

8. The method of thermal development of the photothermographic material according to claim 7, wherein the highest 
temperature when thermally developing the photothermographic material is 105 to 115**C. 

9. The method of thermal development of the photothermographic material according to claim 7, wherein the photo- 
themnographic material is themnally developed by being conveyed through a themrial development zone that com- 
prises from 2 to 6 plate heaters for thermal development and by being kept in contact with the plate heaters in that 

zone. 

10. The method of thermal development of the photothermographic material according to claim 7, wherein the mean 
grain size of the sliver halide is 5 to 80 nm. 

11. The method of themrial development of the photothennographic material according to claim 7, wherein the mean 
grain size of the sliver halide is 5 to 70 nm. 

12. A photothennographic material comprising a support having thereon a photosensitive silver halide, a non-photo- 
sensitive organic silver salt, a thermal-developing agent and a binder; 

wherein the photosensitive silver halide has a silver Iodide content of 40 to 100 mol % and includes a metal 
selected from the elements of Groups 3 to 10 of the Periodic Table. 

13. The photothermographic material according to claim 12, wherein the metal is selected from the group consisting 
of iron, nickel, cobalt, ruthenium, rhodium, rhenium, osmium, iridium, palladium, platinum, gold, silver, copper and 
zinc. 
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14. The photothemnographic material according to claim 12, wherein the metal comprises a metal complex. 

15. The photothermographic material according to claim 14. wherein the metal complex Is a quadridentate metal com- 
plex having 4 ligands. 

16. The photothermographic material according to claim 14, wherein the metal complex is a quadridentate metal com- 
plex with a metal selected from the group consisting of iron, nickel, cobalt, ruthenium, rhodium, rhenium, osmium, 
iridium, palladium, platinum, gold, silver, copper and zinc. 

17. The photothenmographic material according to claim 12. wherein the iodide content of the photosensitive sih^er 
halide is 90 to 100 mol %. 

18. A photothermographic material comprising a support having thereon an image-forming layer including at least a 
non-photosensitive organic silver salt, a photosensitive silver halide, a reducing agent and a binder; 

and further comprising a compound having a silver halide-adsorising group and a reducing group or a pre- 
cursor thereof. 

19. The photothemnographic material according to claim 18. wherein the compound having a silver halide-adsorising 
group and a reducing group is represented by the following general fonmula (!"): 



General formula (1") 
A-{W)„-B 



wherein A represents an atomic group that contains a silver halide-adsorbing group; W represents a divalent linking 
group; n indteates 0 or 1 ; and B represents a reducing group. 

The photothermographic material according to claim 19, wherein the adsori3ing group in general formula (I") is 
selected from the group consisting of a mercapto group, a thione group and an imino silver forming group. 

The photothennographic material according to claim 19. wherein the reducing group in general fomiula (I") is 
selected from the group consisting of a fomnyl group, an amino group, an acetylene group, a propargyl group, an 
alkylmercapto group and an arylmercapto group. 

The photothemiographic material according to claim 19, wherein the reducing group in general formula (I") is any 
one selected from the following groups represented by (B^) to (B3): 



(B2) 



■n: 



OH 



Rbi 



o 



OH 



Rbi 



(B3) 



OH 



wherein and R^g each independently represent a hydrogen atom, an alkyi group, an alkenyl group, an alkynyl 
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group, an aryl group or a heterocyclic group. 

23. The photolhermographic material according to claim 19, wherein the reducing group in general formula (1") is 
derived from any one of reductones. phenols,' naphthols, phenylenediamines, and 1 -phenyi>3-pyrazolidones. 

5 

24. The photothermographic material according to claim 18, wherein the precursor comprises a compound that gen- 
erates a mercapto group. 

25. The photothermographic material according to claim 1 8, wherein the precursor is selected from the group consisting 
10 of thiazoliums, thiazolines, thiazolidines and disulfides. 

26. The photothermographic material according to claim 1 8, wherein the silver halide emulsion is chemically sensitized 
through at least any one of chalcogen sensitization, gold sensitization and reduction sensitization. 

15 27. The photothermographic material according to claim 26, wherein the silver halide is chemically sensitized at pAg 
of not more than 7. 

28. The photothermographic material according to claim 26, wherein the chalcogen sensitization is at least one se- 
lected from the group consisting of tellurium sensitization, selenium sensitization and sulfur sensitization. 

20 

29. The photothermographic material according to claim 1 8, wherein the silver iodide content of the silver halide pho- 
tographic emulsion is 80 mol % to 100 mol %. 

30. The photothennographic material according to claim 1 8, wherein the silver iodide content of the silver halide pho- 
25 tographic emulsion is 90 mol % to 1 00 mol %. 

31 . The photothermographic material according to claim 18, wherein the silver halide grains have an epitaxially-fomied 
part, and the part includes any of silver bromide and silver chloride. 

30 32. The photothermographic materia] according to claim 18, wherein the silver halide grains have any one of dislocation 
lines and lattice defects. 

33. The photothennographic material according to claim 18, wherein the grain size of the silver halide grains Is 5 nm 
to 0.1 Jim. 

35 

34. The photothennographic material according to claim 18, wherein the grain size of the silver halide grains is 5 nm 
to 0.055 Jim. 

35. The photothermographic material according to claim 18, wherein the photothemnographic material is exposed to 
40 laser rays. 

36. A photothermographic material comprising a support having thereon at least one image-fonning layer including at 
least a non-photosensitive organic silver salt, a photosensitive silver halide, a reducing agent and a binder; 

and further comprising at least one non-image-recording protective layer on the far side of the support relative 
45 to the image-forming layer; 

wherein the silver halide comprises a silver iodide content of 5 mol % to 100 mol % and is chemically sen- 
sitized through at least any one of gold sensitization, chalcogen sensitization and reduction sensitization. 

37. The photothennographic material according to claim 36, wherein the silver Iodide content of the photosensitive 
so silver halide is 40 mol % to 1 00 mol %. 

38. The photothermographic material according to claim 36, wherein the silver iodide content of the photosensitive 
silver halide is 90 mol % to 1 00 mol %. 

55 39. The photothermographic material according to claim 36, wherein the grain size of the photosensitive silver halide 
is 5 nm to 90 nm. 

40. The photothennographic material according to claim 36, wherein the coating amount of the photosensitive silver 
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halide Is at most 1 0 mol % relative to one mol of the non-photosensitive organic silver salt therein. 

41 . The photothermographic material according to claim 36. wherein the photosensitive silver halide grains are formed 
and chemically sensitized in the absence of the organic silver salt. 

42. The photothemiographic material according to claim 36. for which the peak wavelength of the laser rays is 600 
nm to 900 nm. 

43. The photothemiographic material according to claim 36. for which the peal< wavelength of the laser rays is 300 
nm to 500 nm. 

44. A photothemiographic material comprising a support having thereon at least a photosensitive silver halide, a non- 
photosensitive organic silver salt, a reducing agent and a binder; 

wherein the mean silver iodide content of the photosensitive silver halide is 5 mol % to 100 mol %, 
wherein the non-photosensitive organic silver salt is prepared from an organic acid including at least behenic 
acid and erucic acid, 

and the erucic acid content of the n on -photosensitive organic silver sait is 1 x 1 0-6 mol % to 1 0 mol % relative 
to the number of mols of the whole organic acid. 

45. A photothermographic material comprising a support having thereon at least one image-fomiing layer including at 
least one organic silver salt and at least one silver halide. and having thereon at least one non-image-recording 
protective layer on the far side of the support relative to the image-fonning layer, which is exposed to laser rays- 

wherein the mean silver iodide content of the silver halide is 40 mol % to 1 00 mol %. 

46. The photothermographic material according to claim 45, wherein the grain size of the silver halide is 5 nm to 90 nm. 

47. The photothermographic material according to claim 45, wherein the silver halide grains have a core/shell structure 
the Sliver iodide content of the shell is higher than that of the core, and the silver iodide content of the shell is 80 
mol % to 100 mol %. 

48. The photothemiographic material according to claim 45. wherein the silver halide grains are formed and chemically 
sensitized in the absence of the organic silver salt. 

49. The photothermographic material according to claim 45. wherein the coating amount of the silver halide in the 
image-forming layer is 0.5 mol % to 12 mol % relative to the organic silver salt therein. 

50. The photothermographic material according to claim 45, for which the peak wavelength of the laser rays is 600 
nm to 900 nm. ' 

51. The photothermographic material according to claim 45, for whfch the peak wavelength of the laser ravs is 300 
nm to 500 nm. 

52. The photothemnographic material according to claim 45. wherein the Image-forming layer is fornied by aDoh^ina a 
coating liquid onto the support, y HHyiyci 

and the coating liquid for the image-forming layer includes at least 30 % by weight of water and a oolvmer 

dispersed to be latex therein. ^ 

53. A photothemiographic material according to claim 12. wherein the support further having thereon an organic pol- 
yhalogen compound. 

54. A photothermographk: material according to claim 18, wherein the silver iodide content of the silver halide is 40 
mol % to 100 mol %. 

55. A photothemiographic material according to claim 36, wherein the support further having thereon an organic pol- 
yhalogen compound. 
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